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In teaching mathematics, physics, chemistry, etc., text# 
books of classified information are available and are a required 
and necessary part of class-room and laboratory courses; 
thys the student advances rapidly and systematically, and 
the instructor is enabled to accomplish effective work. 

In this the Age of Machinery, students, apprentices, and 
machine operators are handicapped by lack of text-books of 
classified information of the art and science of machine con- 
struction. 

The aim of these books, — Elements of Machine Work, 
Principles of Machine Work, and Advanced Machine Work 
is to give the beginner the advantages of text-books as in the 
older subjects, that he may acquire the fundamental as well 
as advanced principles in a logical, systematic, and progressive 
manner and in the shortest time possible. 

Machines, mechanisms, and tools are illustrated graphically 
by means of original perspective and mechanical drawings, 
and briefly and systematically described by condensed tables. 
Operations in machining, standard and typical problems in 
machine construction are- given in condensed schedules which 
name the material, operations, machines, speeds, feeds, ji^, 
fixtures, and tools. Calculations are supplied by condensed* 
rules and formulas. Facts and principles are supplied which 
a student or apprentice in school or shop must rediscover or 
obtain from instructor or foreman. As the subject is large 
and . varied, it is impossible for instructor or foreman to do 
justice to it; consequently, the task is a difficult one and 
the beginner's progress extremely slow. 

These books tell how to do things, with that theory which 
connects principles and practice, and no person can build or 
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superintend the construction of machinery without con- 
sciously or unconsciously understanding these problems and 
applying these principles. 

To the manufacturera, teachers, associates, and other friends 
who have kindly assisted with information, help, and encour- 
agement, I take this opportunity of expressing my indebted- 
ness and appreciation. 

R. H. S. 

May, 1910. 
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M and M' — Oil holes (oUed 
before uang back gears). 

N and N' — Oil holes (oiled 
before using back gears). 

To Operate Back Gears. 

For direct cone drive, slide nut 
F is in slot in cone A, back gears 
"out." To use back gears, drop 
bolt E and secure, throw lever 



K forward. To obtun direct cone 
speed again, throw lever back, 
loosen E and turn lathe until 
F engages slot in A. Tighten E. 



Double and Triple Back Gears. 

To obtain a greater reduction of 
speed, lathes are built double or 
triple back geared. 



Atteiaion. — Gear guards are often provided to prevent accident 
and to keep dirt and chips from gear teeth. 

10. A tjrpical lathe apron. Fig. 3, — The apron of a lathe 
carries the greater part of the feed mechanism. Fig. 3 shows 
a lathe apron and the three distinct mechanisms, the long, 
feed, cross teed, and screw-cutting feed. The first is used for 
moving carriage back and forth along bed for turning; the 
second for moving cross slide in and out for squaring; the 
third, the lead screw and split nut, for moving carriage along 
bed for cutting screw threads. 

To change direction of feeds. — The reversing mechanism to 
change direction of rotation of feed shaft may be in the head- 
stock and operated by lever 27, Fig. 1, or in the lathe apron. 



LONG. FEED. CR038 FEED. LEAD SCREW, 



11. Long. Feed. 

A — Long, feed handle. 

B — Hnion. 

C — Spur gear. 

D — Sliding stud. 

E — Sliding pinion, on inner 
end of stud D. 

F — Feed rack, fastened to 
inner side of bed. 

G — Splined feed shaft. 

H — Feather-keyed worm held 
in bracket H'. 



J — Worm gear. 

K — Friction clutch to connect 
J and L. 

L — Rnion fast to K. 

M — Knob controlling clutch 
K. Hand long, feed is obtained 
by rotating A which drives 
through B, C, E to F. Power 
long, feed is obtained from G. 
Clutch K, shown out of action, is 
thrown in, which causes G to 
drive through H, J, L,C,E to F. 
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12. 



Cross Feed. 



1 — Cross-feed handle. 

2 — Operating screw, in nut 
under cross slide. 

3 — Bevel pinion feather-keyed 
toG. 

4 — Bevel gear. 

5 — Pinion fast to 4, 

6 — Driving gear. 

7 — Pinion fast to 6, 

8 — Gear always in meah with 



3 pinion. 
10 — Knob controlling por- 
tion of 8. Hand cross feed is 
obt^ned by rotating handle 1. 



Power cross feed is obtained by 
meshing 8 with 9 by means of 
knob 10. 

13. Lead Screw and SplU Nut. 

II — Lead screw. 

III — Split nut. 

IIP —Split nut bracket. 

IV — Lever to operate spLt 
nut III. 

V and V — Cams clodng split 
nut III. 

VI — Knob to disengage E and 
F when screw cutting. To op- 
erate for screw cutting, pull out 
knob VI, throw IV downward, 
clo^ng split nut III. 



There are types of lathes, where a splined lead screw per- 
forms the combined duty of feed shaft and lead screw, the 
worm and bevel pinion being driven directly by it. 

Attention. — Care should be taken not to have both long, feed 
and lead screw thrown in at the same time. Some lathes 
are fitted with devices which will prevent this. 

14. Swing of latbes. — A lathe is designated by its swing and 
total length of bed. A 14" X 6' engine lathe will swing four- 
teen inches in diameter over ways, but will only swing about 
8" over a rise and fall rest, and about 10" over a plain or 
compound rest. In length it will turn six feet less the com- 
bined length of head and footstock. A 6' bed will turn about 
42" between centers. 



15. Classes of latbes. — Lathes are divided into many 
classes, some of which are designed especially for the work 
performed upon them, aa the wheel lathe, axle lathe, pulley 
lathe, turret lathe, bench lathe, jeweler's lathe, etc, and for 
ordinary work the engine lathe, which when supplied with 
special attachments is called a tool-maker's lathe. 
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8 PHINCIPLES OF MACHINE WORK. 

16, Attachments for lathes. — Among the attachments for 
lathee are the taper attachment, compound rest, steady rest, 
follower rest, and attachments for milling and grinding. 

17. Stops for duplicating sizes. — In addition to the thread 
stop some lathes are equipped with long, and cross-feed stops. 
After the first piece is turned or threaded to size, the back 
stop is set to check movement of cross slide. The carriage 
or long, stop is used for shoulders and lengths. By aid of 
these stops a number of pieces can be duplicated. 



— Engine Lathe with a Rapid Chanob-Gear Mechanism. 
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18. Lathe with a rapid change-gear mechanism for 
■ threads and feeds. — Some lathes, as in Fig. 4, are equipped 

with a rapid system of change gears by which different 
threads or feeds are obtained quickly. 

Essential Parts. 



A — Change gears in cone form, 
on end of lead screw. 
B — Handle operating change 

C — Compound gears. 
D — Handle operating com- 
pound gears, 

B — Index plate, ^ving posi- 



tions for handles B and D to cut 
a desired thread. 

F — Sector to carry gear for 
cutting special thread. 

G — Lever to reverse carriage. 

H and K — Automatic car- 
riage stops. Carriage stop (in- 
vimble) is located on back ways 
under letter L. 



19. Cutting a screw using a rapid system of change 
gears. — To cut a screw of five threads per inch, find 5 on 
indeic E and place handle B in notch and hole under it; 
place handle D under hole 3 on compound gear box, which 
is indicated in the third column on the same line as 5. 

For threads given on the index, no change of gears is neces- 
sary. Gears may be calculated for other threads and applied 
as on the ordinary lathe. The feed for turning is seven 
times threads per inch expressed in turns per inch of tool 
travel. 

20. For threading short screws the carriage may be re- 
versed by moving reversing lever G up or down, depending on 
whether a right or left thread is being cut; or the automatic 
stops H and K may be used. 

ELECTRICALLY -DRIVEN MACHINE TOOLS. 

21. Arrangement of machine tools for electric drive, ^- 
They may be group-driven by electricity by using a constant- 
speed motor to drive group line shaft, or individually driven 
by attaching a constant or variable-speed motor to each 
machine. Constant-speed motors are used on machines that 
need but little speed variation, or on machines that have a 
large variety of mechanical speed changes. 
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10 PRINCIPLES OF MACHINE WORK. 

22. Electrically-driven engine lathe — Variable-speed motoi . 
A, Fig. 5, gives a wide speed variation. Speed is electrt- 
cally controlled from apron. To start lathe, move handle S 
in direction of arrow. Controller C is provided with gradu- 
ated wheel D. When a desired speed is obtained, pin E ia 



FiQ. 5. — Electric ally-Driven Enoine Lathe. 

% 

placed in wheel D so that it will come against stop F. By 
this arrangement any speed can be duplicated. Pin G pre- 
vents lathe from being reversed. When it is desired to 
reverse lathe, remove pin G and move handle B in opposite 
direction. Wheel H is used to revolve lathe spindle bi' 
hand. Cm, 
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SPEED LATHES. 



SPEED LATHES. 

23. Speed lathe, Fig. 6 (often called a hand lathe), on 
account of its high speed and simplicity has a wide use in 
machine construction for band turning, drilling, chucking, 
filing, polishing, etc. 

CX)NE HEADSTOCK. COUNTERSHAFT DRIVE. 



Essential Parts. 



B and B' — Legs fastened to 
bed and floor. 

— V ways planed and 



- Headstockboltedtoways. 

E — Footstock, position ad- 
justable. 

F — Clamp to fasten footstock 
to ways. 

G — Spindle. 

H — Handle operating foot- 
stock spindle. 

/ — Binder for clamping G. 

J — Dead cent«r. 

K — Oil well and oiler for 
dead center. 

L — Tee rest. 

M — Tee-rest holder. 

N — Screw to hold M in place. 

— Slide. 

P — Lever to clamp where 
deared. 

26. Headstock. 

1 , 2, 3, 4 — Steps on headstock 
cone. 

5 — Thrust bearing and end 
adjustment. 

6 — Face plate, slotted to re- 
ceive dog. 

7 — live center. 



■Oil holes for live 



8 and 8'- 

spindle. 

26. Countershaft (fight and loose 
puU«y type) and Line Shaft. 

9 — Speed belt. 

10 — Countershaft cone pulley. 

11 — Headstock cone pulley. 

12 — Countershaft mechanism 
(consists of shaft cone pulley, 
tight and loose pulley, and belt- 
shifting mechanism). 

13 and 13' — Hangers (bolted 
to hanger plank). 

H — Hanger plank. 

15 — Driving belt. 

16 — Wide straight-faced pulley. 

17 — IJne shaft. 

18 — Line-shaft hanger. 

19 — Hanger plank. 

20 — Shipper rod canying two 
belt fingers. 

21 and 21' — Belt fingers {21' 
not visible). 

22 — Shipper pole pivoted to 
14 and to 20. Belt fingers 21 and 
21', between which belt 15 passes, 
are moved by 20 by means of 22, 
shifting belt from loose to tight 
pulley. 

23 — Loose pulley. 

24 — Tight pulley. 
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OILING MACHINES. 13 

27. When and how to oil the bearings of machine tools. — 

All bearings must be regularly oiled. Use good lubricating 
oil, — machine oil, not lard oil. If the oil does not sink into 
the oil holes, they should be cleared out. A few drops of oil 
in each bearing is enough, Fig. 7. Plane bearings, as the 



ways of a lathe, should be wiped with waste before oiling 
and the oil distributed with the fingers. Fig, 8. Oil twice 
a day. All automatic oilers should be filled periodically, 

28. Treatment when bearings rough up and machine stops 
from lack of oil or too close adjustment. First force in a 
liberal quantity of oil; if this does not release the bearing, 
force in naphtha or benzine and then more oil; if the latter 
is not effective, take the bearing apart and smooth the rough 
places on the journal by filing and those in the box by scrap- 
ing or filing. Then wipe clean, oil freely, and put bearing 
together and adjust to run loosely for a while. 

29. To prevent rusting or corroding of machine or finished 
work, coat with vaseline or thin oil. When tools or machines 
are not in use, coat with a thick oil. The rust should be 
removed from a surface before iC is oiled or rusting will 
continue. 

30. Putting on and pushing off belts, — An ordinary over- 
head belt is thrown off by pressing with a pole against the edge 
of the belt at the receiving side of driving pulley. This belt 
may be replaced by arranging belt upon driven pulley and 
then pushing belt upon driving pulley by starting it at the 
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14 PRINCIPLES OF MACHINE WORK. 

receiving side with a pole that has a bent piece of iron fastened 
to its end. For large belts, a ladder must be used and the 
belt pushed on by hand. A stout cord may be used to pull on 
large belts. 

31. To change to higher speed. — Start lathe, push belt 
oft step of head cone with right hand. Press lightly against 
inside of down-running belt with either hand to take up slack 
and with other hand push the up-running side of belt to the 
desired step on counter cone, then with left hand press belt 
on to head cone. 

32. To change to lower speed. — If belt is on largest step 
of counter cone, with left hand pull it on to desired step, then 
with same hand press belt on to corresponding step of head 
cone. If, however, belt is not on largest step, first push it 
ofE step of head cone with right hand. 

Attention. — Keep fingers straight and stiff and do not try 
to hold belt when pushing on or off. 

Warning. — To prevent accidents, do not wear loose sleeves 
or be careless in your actions near running belts, gears, mill- 
ing cutters, etc. 
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" CHAPTER II. 

TRUING AUD ALIIflHG CEHTERS. CENTER HOLES IN 

LATHE WORK. HAND AND MACHINE METHODS 

OF CENTERING. 

TRUING AND ALINING CENTERS. 

33. Center gage A, Figi 9, is used for defining angles of 

60°. The large notch is used for testing lathe centers, as B; 

notches C and D for testing and setting outside threading 




Fig. 9. — Testing Anqij! of IjAthe Center, 



tools, and E for inside threading tools. At F is a table of 
double depths of Sharp V threads for determining diameter 
of tap drills by subtracting number in thousandths opposite 
pitch from diameter of tap. 

34. Requirements for successful use of engine lathes. — 
Engine lathes should be accurate enough to turn, bore and 
face straight and true, and be equipped with an accurate 
lead screw for screw cutting. 

To produce accurate work requires that both live and 
dead centers should be true and in accurate aline ment. 
Furthermore, lathes wear, causing loss of alinement and 
loqseness of working parts that must be detected and cor- 
rected. 

36. Lathe centers. — The dead center is hardened and tem- 
pered. The live center may or may not be hardened. 
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16 PRINCIPLES OF MACHINE WORK. 

To test truth of live center of any lathe. — Move foot- 
stock until dead center is close to live center, run lathe at 
highest speed, look for error. Move lathe tool close to re- 
volving live center or use test indicator. 

36. To true engme-lathe centers. Figs. 10 and 11. 




Engine- Lathe 



SCHEDULE OF OPERATIONS- 
Liije Center. 



1. Remove center. 

2. Clean hole and center with 

3. Insert center with lines 
coincident A, B, Fig. 10. 

4. Drive cent«r lightly with 
lead hammer. 

5. Start lathe; it still out of 
true, use center-truing too! A, 
Elg. 11. B(? shows cutting edge, 
D the clearance. 

6. Fasten tool lightly at height 
of center. 



7. Adjust edge to fit center. 

8. Clamp tool tightly. 

9. Run lathe at moderate 
speed. 

10. Operate both long, and 
cross feeds slowly by hand. 

U. Test with center gage. 
Readjust tool, if necessary, until 
center fits gage. 

12. Turn point £ at a more 
obtuse angle. Portion F may be 
cut away in advance to facilitate 
truing center. 



Attention. —Centers may be trued by means of a compound rest. 
In an emergency a right side tool may be used back of the center and 
the lathe run backward. 
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TRUING AND ALINING CENTERS. 

SCHEDULE OF OPERATIONS. Concluded. 
Dead Center. 



1 


Remove center. 


6. File center with 8' miU file. 


2. 


Anneal. 


7. Polish slightly with fine 


8. 


Insert in live spindle. 


emery cloth held under file. 


4, 


True similarly to live center. 


8. Rfiharden. 


5. 


Run lathe at high speed. 


9. Temper to light straw color. 



Attention. — Both centers may be hardened and kept true by 
grinding. 

37. To grind hardened and soft centers. Fig. 12. 



Fig. 12. — Tbdino Cbntbr9 with Center Grinder. 
SCHEDULE OF PARTS. 



A — Frame. 


F- 


- Emery wheel. 


B — Clamp fastening A to 


G- 


- Shaft driving F. 


footstock spindle. 


H~ 


- Universal joint. 


C — Emery-wheel spindle set 


/ — 


Bevel gears (encased). 


at angle of 60° with center. 


J~ 


Knob to move emery 


D — Friction roll. 


wheel 


back and forth along 


E — Bracket; clarapa support 


center 




for D to bed. 







Attention. — The depth of cut i 



regulated by footstock spindle. 
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18 PRINCIPLES OF MACHINE WORK. 

38. To true Bpeed-lathe centers, Fig. 13, set reat A close to 
center B and adjust till graver C is at height of center. Turn 
with graver and test with gage. The dead center is first 




Fia. 13. — Truing Spebd-Lathb Centeb. 



annealed, inserted in live spindle and trued; then filed, pol- 
ished, hardened, and tempered. 



19. To set dead center in alinement to turn straight. 




SCHEDULE OF OPERATIONS. 



40. 



Two Approximate Mdhods. 



I. Unelamp footstock, Fig. 14, 
and move upper part A upon B by 
screws C and C (C not shown) 
until zero lines at D coincide. 



II. Move footstock until dead 
center is close to live center, ad- 
just screws C and C, and aline 
centers by aght. 
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41. 



CENTER HOLES IN LATHE WORK. 
Accurate Method. 



1 . Set dead center by approxi- 
mate methods either No. I or 
No. U. 

2. Mount shaft A on centers, 
Fig. 15. 

3. Take light cut as shown 
' dotted at B. 

4. Take out work. 



5. Run carriage back near 
dead center. 

6. Remount work. 

7. Take aiiort cut as at C. 

8. Caliper at B and C with 
micrometer. 

9. If not ahke, adjust foot- 
stock and repeat operations. 




AltetiHon. — Limit of error perousfdble; B may be a fraction of a 
thousandth of an inch larger than C but never smaller. 

This insures the lathe tummg sUghtly large, which is pernaissible 
for ordinary work. 

Note. — A test indicator and parallel mandrel, preferably of the 
length of the work to he turned, may also be used to set a lathe to 
turn Btrdght. 

CENTER HOLES IN LATHE WORK. 

42. Center boles are made in the ends of stock to fit lathe 
centers by locating and drilling small holes, then counter- 
sinking with a 60° countersink, A and B, Fig. 16. 

The countersink should be large enough to provide ample 
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PRINCIPLES OF MACHINE WOEK. 



bearing to prevent excessive wear, and should be in propor- 
tion to the diameter of work. 





> Pbopbri-i Mounted c 



The drilled hole must be deeper than countersink to pro- 
vide a reservoir for oil and to prevent lathe centers from 
bottoming, as at C, Fig. J7, as this would injure centers and 




cause work to run out of true. Center holes must be wiped 
clean before mounting on centers. Chips in center holes D, 
rig. 18, will spoil both work and center. 

43. To drive the work, dog E, Fig. 16, is fastened to work , 
by screw F, and tail G must be loose in face-plate slot H. 



bv Google 



CENTER HOLES IN LATHE WORK. 21 

44. Table of centtr-hole dimensions. Fig. 19. — These 
• center-hole dimensions provide good bearings for ordinary 
' lathe worlc to resist tool pressure. 




Diameter of 


Diameter 


Dbillmze, 


Depth of 


SHjIFT. 


SINKS. 


64th. 


OA^EN.. 


B+ A-. 


A. 


B. 


C- 


D. 


;J 


t 


A 


56 
52 


* 


;| 






52 




t 


i 


42 
42 


r 


itil 


I 


i 


42 
31 

31 


1 


2 -2A 


f 




31 


2i-2iJ 




31 








22 




3i-3« 


i, 




22 




4 -4^ 




t 


22 




4H« 


I 


22 


1 




f 








61-6 


a 


A 


13 


^ 



Attention. — If drill and countersink are within one size they 
will answer. Over 6", countersink may be made J diameter 
"of work and drill J diameter of countersink. 

* Twiat drill and eteel wire iwge. 
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22 PRINCIPLES OF MACHINE WORK. 

46. Countersinks or center reamers, Figa. 20 and 21, are 
made to an angle of 60°. They may be made any desired 
diameter and with straight shanks, as shown, to be held in 
a chuck, or with taper shanks to be inserted in taper collet 
or machine spindle. They may have several cutting lips as 
in Fig. 20, or but a single cutting lip as in Fig. 21. 

Fio. 20. Fra. 21. 

CouNTERsmEs FOR Lathe Work. 



FiQ. 22. — Combined Drill and Coontbrsink. 

Combiiiation center drill and countersink, Fig. 22, pro- 
duces a countersink central with drilled hole. At end A 
drill and countersink are one piece, while at end B a hole is 
made in countersink and a center drill inserted and held by a 
set screw. 



(WJ^ 



Fm. 23. — Combined Drill, Countersink, and Counterbore. 

Fig. 23 shows a combination center drill and countersink 
of the solid type as at end A, Fig. 22, and in addition a coun- 
terboring lip as at C for rounding the corners of the counter- 
sink. Combination couatersbks of this typ e are used for cen- 
tering mandrels, milling machine arbors and any other work 
that is mounted and remounted on centers frequently. Their 
use also facilitates the squaring of work. 
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METHODS OF CENTERING WORK. 



HAND AND HACHinE METHODS OF CEHTEMNO. 



' 46. Hand method of finding die center, drilling and coun- 
tersinking. Figs. 24, 25, 26, 27, 28 and 29. 




FiQ. 26. — Center Puncbing. 



SCHEDULE OF OPERATIONS. 



I. Grip stock A, Kg. 24, 
in vise B. Smooth ends with file 
and rub chalk on ends. 

II. Describe arcs with 
divider calipers C (shoulder C 
placed on edge of stock) from 
four points with radius equal to 
about one*half diameter, as at 
Fig. 25. 

in. Locate center D, Figs. 25 



and 26, by eye with center punch 
E, Fig. 26. Steady with finger F 
and strike with hammer as 
shown. 

IV. Mount on bench or 
lathe centers, revolve and test its 
truth with chalk near each end. 
It too much out of true, set over 
center punch mark as at G, Fig. 27. 
Repeat if necessary. 
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Fig. 27. — Setting Oveb Punch Mark. 



SCHEDULE OF OPERATIONS. Concluded. 



V. Enlarge center punch 
marks with heavier blows before 
drilling, 

VI. Place drill A in drill 
chuck B, Fig. 28, and end of stock 
C on dead center. Support with 
hand, start lathe, and drill. Use 
speed lathe, 3d or 4th speed. 

Attention. — Withdraw drill oc- 



casionally to let out chips, and 
oil into hole. Drill cast iron or 
brass dry; on 8t«el or wrought 
iron, use oil. 

VII. Place countersink D in 
drill chuck E, Fig. 29, hold stock 
F as before, start lathe and ooun- 
terank to desired depth. 1st or 
2d speed. 




Fio. 28. — Center Drilung, Hand Mhthod. 

Fig. 29. Countersinking, Hand Method. 

47. To remove or anneal broken center drill. — If the 

broken piece of drill does not drop out of hole with the aid of 
a scratch awl, strike stock with hammer; if it still remains, 
the work must be annealed, and the hole redrilled. 
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CENTERING MACHINE. 25 

46. Hactiine method of finding the center, drilling and 
countersinking. In Fig. 30 is a centering machine used to drill 
and countersink center holes accurately in shafts of any length. 




Fia. 30. ^Center Drillinq and Codntbrsinking. Machine Method. 

CENTERING MACHINE. SCHEDULE OF PARTS AND 

OPERATIONS. 



A — Bed bolted to floor. 


K — Gear mechanism which 


B and B' — Universal chuck 


drives E and F at different 


and operating lever. 

C — Shows manner of holding 
stock to be centered. 


speeds. 

L — Handle operating both 
spindles. 


£> and D' — Supports. 
£- Drill spindle. 
F — Countersink spindle. 
G — Center drill. 


M — Ball lever for tipping head 
to bring either spindle into alino- 
ment with stock. 

iV — Stock or work stop for 


H — Counterank. 
J — Diiving belt. 


uniform drilling. 
— (Ml tank. 
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26 PRINCIPLES OF MACHINE WORK. 

Precaution. — The end of stock should be approximately 
flat and smooth, or the drill will be liable to break. 

49. Straightening shafting, rods, and bolts. — As soon as 
stock is centered, it is mounted on centers and revolved by 
hand and its eccentricity tested with chalk. If it is short 
or rigid, it may have to be straightened with a hammer on 
the anvil; but if slender, it may be straightened on lathe 
centers or with straightening press. See Elements of Machine 
Work. 
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CHAPTER III. 

CCTTlllG Tools. LATHE TOOLS FOR CAST IRON. 
GRTHDinG LATHE TOOLS. 

CUTTING TOOLS. 

60. All cutting tools may be considered primarily as 
wedges driven into the material to separate it. A thin- 
edge tool cuts more easily, because it generates less friction, 
distorts the chips less and ^ves a greater freedom to their 
removal. The edge must be thick enough to carry a heavy 
cut at a suitable speed, and have a point of sufficient width 
to stand the heat generated by friction. Excessive beat 
wilt soon destroy the point of the tool. This limits the 
cutting speeds. A portion of the heat is conducted away 
through the work to the air and from point of tool to body 
and to air by direct radiation, and on tenacious metal by 
the lubricant. See Lubricants for Cutting Tools, ilOO. 

SI. Rake, clearance, and cutting ang^e defined. — Rake is 
applied to angle of upper surface and cleararu:e to angle of 
lower surface. The angle included between these surfaces 
is the cutting angle, or angle of _ 

keenness. fwht w m-Zlj ZJHj^^ 

62. Front rake, end clearance, ^^-SJ/ ^^ 

and cutting angle. — Fig. 31 is a '"""O' ' 

side view of a square-nose tool ^ 7 \ 

partially cut by a plane giving a '1^ 

section CAE. Through point A ou^ct 

lines AB and AD are drawn par- Fiq. 31. — Diaokam op Front 
allel and perpendicular to the base f^J'}^^^'^''''' ""' *^" 
line FG. The front-rake angle 

is BAC, positive when below and negative when above AB. 

The end-clearance angle is EAD. The cutting angle is CAB. 

27 
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28 PRINCIPLES OF MACHINE WORK. 

63. Side rake, side clearance, and cutting angle. — Fig. 32 

is an end view of a right-side tool partially cut by a plane, 

giving section K HM. Through point 

' f" "V-j tfB" H lines HJ and HL are drawn par- 

•iDt IUKI--V- /Ji ^jjgj j^jj^j perpendicular to the base of 

"a A7[ tool NO. The side-rake angle is 

«~. / / I JHK. The side-clearance angle 

N^^tr— i-i~o MHL. The cutting angle is KHM. 

64. The keenness of a cutting edge 

is increased or decreased by increas- 

F,a. 32.— Diagram OF S:de ing or decreasing the rake angle. 

Rake Side Clbabancb, Cast iron may be cut successfully 

AND (.UTFINQ ANGLB. .,, ^^. •' , , . „.„ 

With a cutting angle of from 60° 
to 75° ; steel and wrought iron, with a cutting angle of from 
40° to 50°. See Brass Turning, S 357. 

66. Front and spe rake combined. — For clearness the 
f^ront rake and side rake are shown on separate tools, but some 
turning tools will cut more effectively if the top face is given 
a combination front and side rake in varying degrees to suit 
the nature of the work, aa the diamond-point tool. Fig. 45. 

66. " Rough turn" and " rough square." — Terms used to 
name the operations of removing the surplus material from a 
piece of metal by one or more roughing cuts preparatory to 
finishing. 

67. *' Finish turn " and " finish square." — Terms used to 
name the final finishing cuts which reduce any piece of metal to 
required size. 

LATHE TOOLS FOR CAST IRON. 

68. Lathe tools are made of carbon steel and high-speed 
steel. See Holders and Cutters, §§ 192, 194 and Elements of 
Machine Work. 

69. A chart of forged lathe tools is shown in Fig. 33. For 
10" to 12" lathes, they are made |" X i" In section and 7" in 
length; for 14" to 16" lathes, J"Xl" section, 9" in length. 
Other sizes in proportion. After being forged it is best to file 
them to proper shape before they are hardened. 
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CHART OF FORGED LATHE TOOLS 1 

OUTS DE TURNING AND THREADING I 
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30 PMNCIPLES OF MACHINE WORK. 

60. Right and left toolB. — A right tool cuts from right to 
left and a left tool from left to right. Tools are understood r 
to be righi unless otherwise designated. 

61. The angles of lathe cutting tools. — In order to select 
the proper tool and prepare the correct cutting angle, the 
student "should consider the kind and, if possible, the hard- 
ness of the metal and whether for taking a roughing or finish- 
ing cut. If the metal is very hard, the tool must be ground 
to a less acute cutting an^e, the cutting speed reduced, 
or both. 

62. Height of tool and tool block. — Various devices are 
used to regulate the height of the point of the tool. On ^ 




PiQ. 34. — Settinq Tool Hbioht of Cbnteks — Flaw Rest. 

small lathes the rise and fall rest operated by an elevat- 
ing screw is perhaps the most common. Fig, 34 shows 
a plain rest. The point of tool A is adjusted in tool-post 
B to height of dead center C by a tilting action of circular 
wedge D in concave washer E and the shank clamped by 
screw G. 
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63. Round-nose tool. — Fig. 35 shows a small round-nose 
tool used for roughing and finishing cast iron or brass. Face 
A has no rake, but the sides have 
10° clearance. The point is about 
Y thick. B is the cutting edge and 
CBJy the clearance angle. Too little 
clearance will cause the tool to ride 
on the work and too much will 
weaken the cutting edge. When dull, ^"^^^^^^'^a^'' '^'""' 
grind end B and a little on top A. 

64. To square with round-nose tool. — The scale or skin on 
cast iron is very hard, and the round-nose tool is used to 
rough square ends and remove surplus stock, as in Fig. 36. 
Cast iron is machined dry. See Lubricants for Cutting 
Tools, § 100. 

The work is mounted on centers and the lathe run at 
proper speed; arrow 1 shows direction of rotation and arrow 2 
direction of cut. The long, feed handle is held firmly with 
one hand, while the tool is fed with the other operating tie 
cross-feed handle. 




66. To turn with round-nose tool. — For light rough turn- 
ing on small diameters and for finish turning with fine feed, a 
round-nose tool may be used to advantage on cast iron, as in 
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Fig. 37. Arrow 3 shows direction of rotation of work and 
arrow 4 direction of cut. It is sometimes necessary to slant 
the tool to the left to turn close to a shoulder or dog, but the 
tool must be clamped extra firm or it may draw into the work 
and turn the diameter too small. 

In Fig. 38 is shown a large round-nose tool for turning or 
facing large work. It is ground to shape from the bar and ' 
given sile rake as at-A, to ^ve freedom to removal of chips. 




Fig. 38. — Tool for Heavy 
Cdts, Rough squaring 
OR Turning Cast Iron. 



66. Side tool. — For squaring or facing the ends of shafts, 
shoulders, etc., a right-side tool. Fig. 39, is used. The tool 
has end clearance B, 15°; side clearance C, 10°; and side 
rake D, 16°. The angle E for point F is 60°. It is forged 
hollow at G, to facilitate grinding. Grinding is done on top 
A and end B with a little on side C. Cutting edge HI should 
be kept horizontal. 

Fig. 40 shows a right-aide tool suitable for heavy work. 




Fig. 40. — Side Tool, for Heavy Cots, Sqdabino Cast Ikon, 
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67. To fiquare an end with side tool. — A side tool is set at 
tjie height of the center, as in Fig. 41. On diameters not 
larger than |", edge AB is set at right angles to the axis of 
work, so as to square the whole end at one cut. For large 
diameters the point should " drag " a little, as at A, Fig. 42, 




for both roughing and finishing cuts. The point A being 
slightly the deepest, the tool when carried from center to cir- 
cumference will produce a smooth surface, provided the tool is 
properly hardened, tempered, and ground, and the speed and 
feed are correct. For some purposes, especially in squaring 
compositions of brass, a side tool is fed inward, 
^y^. To remove burr around countersink. — To remove the 
burr that remains around the countersink after taking the 
finishing cut, feed the point of tool up to surface of work and 
close to dead center; then unclamp binder and relieve dead 
center slightly with right hand and at same moment slightly 
feed tool inward with left hand, which will remove burr; then 
simiiltaneously feed tool outward and dead center back in 
place. 

i^ 69. Grooved dead center for squaring. — The extra opera- 
tion of removing burr around countersink when squaring 
may be avoided and time saved by using a grooved dead 
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center A, Fig. 43. As point of tool B may be started i 
terminated in groove, no burr remains. 




70. To square a shoulder with side tool. — To turn a portion 

of a piece of stock and square the shoulder, as in Fig. 44, it is 
marked as at A, then the cut taken to B, and the shoulder 
squared to mark A. The side tool is fed inward to touch the 
stock. A moderately fast speed is used and the long, feed is 
fed slowly with one hand, while the cross feed is held firmly 
with the other; when the cut is carried far enough, the long, 
feed is held 6rmly and the cross feed fed outward. 




Fig, 45. — Diamond-point Tool fob Cast Iron. 

71. Right diamoDd-point tool. — Fig. 45 shows a right 
diamond-point tool, A is the top face, which is given a com- 
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■i bination front and side rake, as indicated by arrows B and C. 
I Side clearance EF is 10°, but for a very coarse feed should be 
J more. 

Cast iron of small diameter may be turned by tools without 

I rake, but for large diameters and heavy cuts a combination 

side and front rake of about 15° is effective. The cutting ia 

V done by edge GH and point /, which should be rounded, as 

^ ahown enlarged at /', to strengthen it and produce a smoother 

J cut. The tool is ground on the top face A, and if necessary, 

a little on the side faces. 

y, 72. Height of lathe tumbg tools in relation to axis of work. — 
I The point of taper turning and threading tools must be set at 




b\o. 46, — DiAifOND-PoiNT Tool Set Height or Centbrib. Good. 

height of center, aa at FG, Fig. 46. The student may apply 
this rule at all times and obtain good results. 

73. Evil effects of getting a tool too low or too high. — A 
tool point set below the center FG, as exaggerated in Fig. 47, 
increases the clearance and decreases front rake, will not cut 




properly, and will dull quickly. A tool point too high above 
center FG, exaggerated in Fig. 48, reduces the clearance, will 
nde on the work and soon destroy itself by friction. 
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74. Theoretical height of turning tools for straight work. — 
In Fig. 49 is shown the theoretically correct height to set 
the point of a tool, which increases its keenness and gives the 
greatest support to its cutting edge. This height is at the 
tangent point A of line BC, and is located by drawing line DE 
through center of work at 90° to line BC. As this gives no 
clearance, the tool in practice is set slightly below this point. 

After a little training, one is able to set the tool point at 
the most suitable height in relation to center FG for any 
diameter of work. 




75. Rough turning cast iron. — Fig. 50 shows a diamond- 
point tool taking a roughing cut by power long, feed on a 
cast-iron piece mounted on centers in an engine lathe. The 
chips from cast iron break off in small fragments. 




76. To finish turn cast iron. — Fig. 51 shows diamond- 
point and Fig. 52 round-nose tool taking finishing cuts i,^") 
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with fine feed. Fig. 53 shows small square-nose tool and Fig. 
54, large squaie-nose tool taking finishing cuts (.010") with 
coarse feeds. 




GRINDING LATHE TOOLS. 
77. To grind round-nose tool. — Hold at a suitable incli- 
nation to give clearance, and first grind the front round by 




Fig. 55. — Grinding Front of Round-nose Tool. 

sweeping shank of tool in an arc of circle, rotating o 
Fig. 55. Then grind top as in Figs. 56 or 57. 
AUention.—Foi Grinding Wheels see §S 384-397 
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For Wet Tool Grinders and Grindstones, see Elements of 
Machine Work. 



Fro. 56. — Grinding Top or RocND-woaB Tool. 




FiQ. 57. — Grindimo Top of Rodnivnose Tool on GurNDeroKi;. 



Fio, 58. — Grikdino Point of Side Tool. 

78. To grind right or left side tool. — First hold tool to 

pve clearance and angle of point, and grind point, Fig. 58. 
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Second, hold blade at inclinatioii to ^ve necessary side rake 
and grind top face, Fig. 59. Apply pressure and steady with 




-Grindiko Top op Side Tool. 




Fio. 60. — Grinding Side Face of Side Tooii. 



left hand. Third, grind side face, Fig. 60. Steady, and 
apply pressure with right hand. 
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79. To grind right or left diamond-point tool, Fig. 61. -r 
Grind top face, applying pressure with left hand. Then hold 




Fia. 61. — GRiimiNa Top of Diamond-Point Tool. 




Fw. 62. — Ghindinq Side Face op Diamond-Point Tool. 



at angle to give clearance (same for all metals)- Steady, and 
apply pressure with right hand; grind one side, Fig. 62; 
change hands and grind other side. Round point same aa 
point of round-nose tool, Fig. 55. 

80. To grind cutting-off or a Square-thread tool. — First 
file to shape and width, with proper clearance on sides and 

UigilizKhv Google 



GRINDING LATHE TOOLS. 



end, harden and temper. Then grind on end and top face 
oniy. Grind end A' as in Fig. 63, Steady, and apply 




Fia. 63. — Grindinq End of 

Square-thread or Cut^ 
TiNQ-OFF Tool. 



Fia. 64. — Grimdiho Top of 
Square-thread or Cut- 
TiNQ-oFP Tool. 



L 



s CuTTiNQ-orF Tool on 



pressure with left hand. Fig. 64, B, and Fig. 65, C, show two 
methods of grinding top face of any topi of this class, 
61. To grind United Stales Standard or Sharp V-threading tool 




Gbikdinq Sharp V or U. S. S. Thread Tool. 



to fit a gage. — File tool to shape, harden and temper. Grind 
one bevel, as in Fig. 66. Clean gage and tool, and test angle. 
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Grind second bevel; test with gage. If U. S. S. tool, grind 
point to fit proper notch in U. S. S. gage. Grind top face. 

82. To grind a carbon or high-speed steel removable cutter, 
cl^mp cutter in tool holder, as in Fig. 67, and grind princi- 
pally on end and a little on top for rake. For other purposes, 
grind cutters similarly to forged tools. 



Fia. 68. — Grinding Hand Graver. 
83. To grind graver. Fig. 68. — Hold tool at inclination to 
produce 60° bevel on end. Grind the sidea a little. 

UigilizKhv Google 



GRINDING LATHE TOOLS. ■ 43 

84. To grind round-nose hand tools, apply them as described 
in § 77 and illustrated in Figs, 55, 56, and 57. 

86. To grind boring tool A, Fig. 69, use corner of wheel to 
grind rake B and face of wheel to grind point and clearance. 

86. Universal tool grinder. — Machine method of grinding 
lathe and planer tools, and duplicating angles. 

Fig. 70 shows how to grind rake of a right diamond-point 
tool. Clamp diamond-point A in holder B. Set three grad- 
uated circles, C, D, and E, to readings obtained from chart 



(chart furnished with machine), or obtain setling by trial. 
Move tool to radial face of cup-shaped emery wheel F with 
hand wheel G. Carry tool back and forth across wheel with 
lever H. Water h supplied from pipe J. 

A fourth graduated circle on rear of tool holder, as shown 
in detail at K, is used in grinding bent tools. 

To grind aide faces, revolve holder B and set dials to give 
proper angles. To reduce area to be ground, tools may be 
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forged in former blocks, or by hand to more clearance than 
desired. The method of grinding rake of a right side tool is 
shown in Fig. 71. When correct angles and settings of tools 
are obtained, they can be accurately duplicated. 

Round-nose or circular forming tools are located centrally 
with a gage and ground by swinging on a vertical axis. The 
top is ground in the usual way. 




87. To oilstone tools. — Use fine manufactured or hard 

Arkansas stone about 4" X J X J". Clamp diamond-point 
tool A reversed in tool-post B and apply oilstone C as in 
Fig. 72, with long strokes. Also oilstone side faces. Use 
kerosene oil for manufactured, and lard oil for Arkansas stones. 
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CHAPTER IV. 



SETTIHO Am) DSIIfG OUTSIDE CALIPERS. CtJTTIRG SPEEDS, 

CUT-HETER, AKD FEEDS. LUBRICAHTS FOR CUTTING 

TOOLS. INSPECTING AND HEASURINO STOCK. OILING 

AND CLEARING MACHINES. 

SETHNG AND USING OUTSIDE CALIPERS. 

88. To set outside calipers A, Fig, 73, by rule B to length 

CD, adjust nut E until lower point coincides with middle 

of line D. The width of lines on steel rules is from .002" 




FiQ. 73. — Settino Outside Calipers. 

to ,004*. A student almost invariably seta outside calipers 
large and inside calipers small. 

When extreme accuracy is required, such as turning work 
.to be fitted, the calipers should be set by a standard plug 
gage or mandrel, or work of the desired diameter. 
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89. To measure diameter of lathe work with outside caU- 
pers. Fig. 74. — Set calipers F to size. Hold work 
stationary and apply calipers at right angles to axis of work 
as HI, not as JK or LM. Turn work with tool N until 
calipers will pass over it with a light yet distinct touch, but 



Fig. 74. — Mbasurino with Outbide Caliper8. 

not hard enough to spring calipers or to sustain their weight. 
Usually the calipers have to be passed over work a number 
of times to determine this touch. 
90. To adjust the tool to turn work to a de^red diameter. 

Fig. 74.— Move tool N inward at end of work to cut under 
scale, start lathe and feed tool to cut by hand, then throw in 
power long, feed and allow a travel of |". Stop lathe and 
test diameter with caUpers. If correct, continue turning; but 
if too large, start lathe, release power long, feed and run, tool 
back to end and again slightly advance tool, throw in long, feed 
and so on until correct diameter is obtained. 

Attention. — Hold long, feed firmly with one hand while 
releasing power feed with the other. 
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91. To leam to measure acctirately with outside calipers. — 
Set calipers to rule, turn work until calipers will pass over it 
with a delicate touch, then test with micrometer calipers. 

92. To transfer a setting from one pair of calipers to 
another. Fig. 75. — Set inside calipers A to size of hole, then 
set outside calipera B by them. Bring lower points of both 
calipers in contact and steady as at C, then adjust point D 




by nut E ■until it touches point F. To transfer setting of 
outside to inside calipers, reverse calipers in hands and adjust 
as in Fig. 75. 

CUTTING SPEEDS, CUT-METER, AND FEEDS. 

1,93. In turning, tiiree things must be considered : 

First, the cutting speed in feet per minute, which is con- 
trolled by the diameter of work and speed obtained from the 
table; it is calculated or may be directly measured by a cut- 
meter. 

Second, the depth of cut, one-half the amount that the diam- 
eter is reduced. 

Third, the feed or amount the tool advances per revolution 
of work, 
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M. The cut-meter, A, Fig. 76, may be used to measure 
cutting speed automatically, also speed of drills, milling cut- 
ters, etc. It consists of a case B, which contains the magnetic 
mechanism for re^stration. Scale C is calibrated to read the 



FiQ. 76. — Mbasukino CnrriNa Speed, 

cutting speed in feet per minute; the line is on glass D. To 
use the cut-meter, it is held by handle E and wheel F 
pressed againat the revolving work G. 

96. Surface speed attachment for speed indicator. — A rub- 
ber-tired wheel A, Fig. 77, 6" in circumference, is slipped over 
point of a speed indicator. See Elements of 
Machine Work. The wheel is pressed against 
work &s at B, Fig. 75, and number of revolu- 
tions noted in a given time, as one minute. 
Jo get surface speed in feet, multiply num- 
Fia. 77. — Surface her of revolutions per minute by 2, 
ra^TOR^FEED 9®- ^o ^^ *^« '«*•'« revolutions, given 
Indicator. the cutting speed and diameter of the work: 

Multiply the cutting speed by 12 to reduce it to inches, then 
divide by the diameter of the work multiplied by 3.1416. 
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Example. — The work is 2" in diameter and it is desired to 
turn it at 35 feet per minute. How many lathe revolutions 
are necessary? 

35 X 12 



Solution. 



2 X 3.1416 



= 67. R. P.M. 



-f^l. To find the cutting speed, given diameter of the work 
■and lathe revolutions per minute: Multiply diameter of work 
by 3.1416 and by number of lathe revolutions, then divide 
by 12. 

Example. — The work is 2" in diameter and makes 67 revo- 
lutions per minute in the lathe. What is the cutting speed? 
2X3.1416X67 



Solution. 



12 



= 35 feet. 



' 98. Eight or ten speeds are possible in an engine lathe. — 
Place the belt on step of cone that will give the speed near- 
est to that required. 

TABLE OF LATHE CUTTING SPEEDS. 



Materiaib. 


Speeds for 


ROCOHINO. 


Cabdon Steel 
Tooi^. 


HiQH-EPEED Steel 
Tools. 


CaatiroD 


30 
25 

20 


60 






Carbon ateel, annealed 


40 







Speed for finishing is 50% to 100% higher than roughing 
speed. 

Speed for filing (braas excepted) equals four times roughing 
speed. 

Speed for filing brass equals three times roughing speed. 

Attention. — Roughing cuts are not to reduce diameters 
more than i"; and finishing cuts, not more than ^''. Rough- 
ing feeds are not to be less than 17 revolutions per 1* tool 
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travel, and finishing feeds are not to be less than 90 revolu- 
tions per 1" tool travel. 

If the above is exceeded, a less speed than that given in 
table must be used. 

For large diameters, use reduced speed, as the strain on 
the tool is greater. 

99. Cutting feeds. — Lathes with belt feed are limited to 
three changes; lathes with gear feed are not limited. 

For heavy work, coarse feed is about 17 lathe revolutions 
to 1" of tool travel. 

For average work, medium feed is about 38 lathe revolu- 
tions to 1" of tool travel. 

For average work, fine feed is about 90 lathe revolutions 
to 1" of tool travel. 

For tool making, a feed of 200 revolutions is often used. 

Attention. — A student may use finer feeds until he acquires 
some experience; about 80 to 1" for roughing and 140 to 1" 
for finishing. 

LUBRICANTS FOR CUTTING TOOLS. 

100. Some metals are machined dry, others require a 
lubricant. — Cast iron, with about two exceptions, as tapping 
and polishing, must be machined dry, Steel and wrought 
iron, with two exceptions, as machinery with side or diamond- 
point tool (and these are optional), must be machined with 
a lubricant. A neglect of this may cause destruction of both 
tool and work. See Table of Lubricants, p. 51. 

■'\' A lubricant on tenacious metal prevents excessive friction 
and conducts away heat, thus preserving the point of the 
tool and producing a smooth finish on the work. It also 
helps to carry away the chips. 

Attention. — Preferably use sperm oil or lard oil on Arkansas oU- 
Btones. Use kerosene oil or lard oil on India oilstones. 

Oil. — " Oil " in tables means lard oil or some oil mixture. 
Mixtures and compounds are often used as substitutes be- 
cause of cheapness. 

Note. — Never use mineral oils for cutting tools. 
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LUBRICANTS FOR CUTTING TOOLS. 
TABLE OF LOBRICANTS FOR CUTTING TOOLS. 









Mitt ALB. 








Opera- 


Cast 


Machine 

Steel ob 
Wbodqmt 


Carbon 

OR HlQH- 

Spbbd 
Steel. 


Cop- 


u 


Alchinidm. 


Lead. 

Bab- 

MTT. 


Tuming. 
Boring. 


Dry. 


Dry, oil or 
soda water 


Dry or oil. 


Milk. 


Dry, 


turpentine. 


Drj-. 


Cutting off 
Grooving. 


Dry. 


Oa or soda 
water. 


Oil or soda 
water. 


Milk. 


Dry. 


Kerosene or 


Dry. 


ti,!^.'™ 


Dry. 


OU. 


oa. 


MUk. 


Dry. 




Dry. 


Threading 
with dies 








Milk. 


Dry. 


Kerosene or 


Oil. 


Tapping, 


Oil. 


Oil. 


Oil. 










DriUing. 
Counter- 
sinking. 

boring. 


Dry. 


Oilorgoda 
water. 


Oa or soda 


MUk. 


Dry. 


Kerosene or 
turpentine. 


Dry. 


Chucking. 


Dry. 


OilorBoda 


OitorBoda 


MUk. 


Dry. 


Kerosene or 


Dry. 


Reaming. 


Dry. 


Oil. 


Oil. 


MUk. 


Dry. 


Kerosene or 
turpentine. 


Dry. 


Milling. 


Dry. 


Oil, soap 
mixture, or 
soda water. 


Oil, soap 
mixture, or 
soda water. 


MUk. 


Dry. 


Kerosene or 
turpentine. 


Dry. 


Planing. 


Dry. 


Dry, oil or 
soda water. 


Dry or oa. 


MiUc, 


Dry. 


Kerosene or 
turpentine. 


Dry. 


Nurling. 


OU. 


OU. 


Oil. 


MUk. 


OU. 


Kerosene or 
turpentine. 


Dry 


Filii«. 


Dry. 


DryoroU. 


Dry or oil. 


Dry or 
mUk. 


Dry. 


Kerosene or 


oa. 


Polishing 
with em- 
ery cloth. 


Oil. 


Oil. 


Oil. 


oa. 


OU. 


OU. 


Oil. 
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Soda water (sal soda dissolved in water) is useful in 
machining steel or wrought iron, and produces what is known 
as a water finish. 

Soap mixture. — ^ lb. sal soda, i pt. lard oil, ^ pt. soft 
soap, 10 qts. water; boil one-half hour. This is good for 
milling and drilling steel and wrought iron. 

101. Drilling extra hard steel such as unannealed carbon 
steel. — Use a flat drill, with turpentine or kerosene oil as a 
lubricant. See § 445. 

102. Drilling glasB. — Use a very hard flat drill, scratch 
glass with an old file to remove polish and use turpentine as a 
lubricant. Drill part way through, then turn over and finish 
from the other side to avoid chipping surface. 

OILING AND 

103. Inspecting and measuring stock (material). — On 
receiving a piece of stock, inspect it for imperfections, as 
blowholes in castings, flaws (cold short) in forging or bars. 
Stock for work to be hardened must be carbon or high- 
speed steel. To distinguish high-grade machine steel from 
tool steel, a trial piece may be tested by the hardening 
process. 

Measure piece to see if it is large enough to finish to 
dimensions given on the drawing. If the piece be a rough 
casting or forging, there should be at least i" surplus stock; 
if smooth, ^". 

When requested to finish work begun by another, inspect 
and measure it, and make a note of its condition, that you 
may not be held responsible for errors not your own. 

104. Rough turn all over before finishing. — As metals 
alter in form when the skin or outside is removed, when 
possible remove the skin from all surfaces before finishing 
any part. An exception is made in some classes of lathe 
work, as a shaft which is squared to exact length before 
the diameter is roughed out. 
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OILING AND CLEANING MACHINES. 53 

106. Care of machines, small tools, and benches. — When 
through using a machine, clean it, first with a brush, then 
wipe with cotton waste. 

Wrenches, handles, bolts, straps, and fixtures should be 
put away in their proper places so that they may be found 
when wanted. All tools out on checks should be returned 
to the tool room as soon as possible. 

The bench and vise may be cleaned with a brush. Files 
and other tools should be arranged so that they will not 
be injured by marring each other and that they may be 
readily reached. Be neat, aggressive, and self-reliant. 

106. Lathe box or tray for tools and work. — Do not place 
tools, work, or other metallic objects on the ways of a machine, 
as they would scar and affect their truth. A wooden box or 
tray should be supplied for the tools or small work. It may 
be placed on the ways near the end of the lathe. Large 
work should be placed on a bench, truck, or the floor. 
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EKGINE-LATHE WORE. CENTERinG, SQUARING, AHD 

STRAIGHT TORHIHG. FILING LATHE WORK. 

MICROMETER AND VERNIER CALIPERS. 

ENGINE-LATHE WORK. 

107. Schedule of operations, indicated on dra^nngs of 
machine parte. — To avoid performing work in an improper 
order, plan a schedule of operations, machines, and tools for 
one or duplicate parts, from the rough stock to the finished 
piece. Indicate the operations on drawing by numbers or 
letters. 

A schedule for students should be very complete, 

108. A multiple schedule for two or more duplicate pieces 
is the same as for a single piece, except that each operation 
is performed on all pieces before beginning the next. 

109. The student in machine construction may begin 
lathe work hy turning soft cast iron, Fig. 78, as it' machines 
more easily than steel or wrought iron; the cutting angles 
of the tools are easy to shape, and the mateiial is not 
expensive. 

110. To moimt work on lathe centers. — Clean center holea 
and centers with waste. Fasten dog on work (see Fig. 15), 
mount on live cent*. With left hand under end of work, 
hold work in line with dead center; move and clamp foot- 
stock width of tool block from end of work. Oil dead 
center. With the little finger of left hand to guide the 
dead center into center hole, screw out spindle with the 
right hand until there is no end movement. To test ad- 
justment, move tail of dog back and forth; when right a 
shght resistance ia felt by the hand; clamp binder. 

64 
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Fia. 78. — Correct Position at Enoinb Lathe for Tubninq, 

UigilizKhv Google 



56 



PRINCIPLES OF MACHINE WOEK. 



Warning. — When taking a heavy cut or rotating work at 
a high speed, the work will heat and expand and thus bind on 
the centers. The student should be watchful and relieve 
and oil the dead center occasionally. If this is neglected, 
a " hot center " will resvli, which usually destroys both work 
and center. 

111. To turn work to one diameter from end to end. — 

First, set tool to take roughing cut and turn approximately 
one-half the length (Fig. 79). Stop feed, then stop lathe. 




Fia. 79. — Rough Turning Shaft frou End to End, First Halt. 



Take stock out of lathe and run carriage back by hand to 
dead center. Do not disturb cross feed. Fasten dog on 
turned end A', Fig. 80, with a piece of copper D under set 
screw to avoid scarring work. Again mount work on centers 
and turn off half marked B'. Regrind tool and follow same 
method with finishing cut. 
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- ROTJQB TURNINQ ShAFT F 



) Ekd, Secono Half. 



CENTERING, SQUARING AND STRAIGHT TURNING. 



112. To center, square and lurn straight. See Hgs. SI 

and 82. 



ROUQH CASTIHQ 



Fia. 8 



SCHEDULE OF OPERATIONS, MACHINES, AND TOOLS. 
Roughing. Finishing. 

Stock, iron casting J" large, Fig, 81, free from visible defects. 
Oil bearings of lathe with machine oil. 
True live center. Set dead center in accurate alinement. 
Use carbon-steel cutting tools. See Exception, p. 59. 
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SCHEDULE OF OPERATIONS, MACHINES, AND TOOLS. 

Condiided. 



y 



\ 



\ 



Op..™... 


Machines, Speeds, 
Feedb. 


Tools. 


Snag. Center by hand method, 


Speed lathe 8- to 


Viae, hammer. 


J46. Center holes ^" diameter, 


12-. 3do 




chisel, file, chalk, 


(1). (2>. 


speed, or 1400 






R. P. M.* 




^^t^7^<,C^' 








drill, 60° counter- 




speed 700 R 


PM. 


sink. 


Mount and adjust on oentera. 


Engine lathe 


12" 




Rough square (3), round noae in- 




2d 


and side tools. 


ward, heavy cut, and aide ti3ol out- 




40 


16= rake, cali- 


ward, light cuts. Reverse work 


F,P.M.t Hand 


pers, 12- steel 


on centers and repeat on (4). Teat 


feed. 




rule. 


length with calipera. Take light 








cuts outward on (4) until work 
















Recenter to A", (5), (6) 


Speed lathe. 
Engine lathe. 






Regrind and oilstone tool and finish 


3d 


Side'tool, 15° rake. 


square (7) one cut. Reverse work 




60 


ij^^caUpers, rale. 


on centers and repeat on (8). 


F.P,M.' .Hand 




Teat length with calipeis. Take 


feed. ' 






light cuts on (B) until work meas- 








ures 8". To remove burr around 
















flatness of end with steel rule. 








Rough turn to 1^'+ A' "^^ c"*«- 


1st or 2d speed, 


Copper under set 


See Figs. 79 and 80, Jill (9). 


or 26 to 


40 


screw of dog. 


Test with calipers at enda and 


F.P.M. Power 


diamond-point 


middle. 


feed 80 to 


'. 


tool, 15° rake, 
small calipers, 3' 
steel rale. 


Regrind and oilstone loola. FTniah 


3d speed, or 


55 


Diamond-point tool 


turn to lA", § 76, (10) one cut. 


F.P.M. 


Fine 




Test with micrometer calipers, at 
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end. 
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Clean lathe. 






Brush and waste. 
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Attention. — If necessary, when roughing the tool may be 
removed and reground, but in finishing it should be prepared 
to carry its cut without regrinding. 

Note. — When squaring, hold long, feed handle firmly with 
one hand while operating cross feed handle with the other. 

Caution. — As a heavy cut may draw the tool inward, 
caliper occasionally and readjust tool, if need be, to avoid 
roughing diameter too small. 

Exception. — If a schedule says " use carbon-steel cutting 
tools" and it is desired to change to "use high-speed steel," . 
the cutting speed may be increased from 50% to 100%. 

If a schedule says " use high-speed steel cutting tools " and 
it is desired to change to " carbon-steel " the cutting speed 
must be reduced 50% to 100%. 

FILING LATHE WORK. 

113. Lathe work is filed to remove tool marks, to make a 

fit, to produce an exact diameter, and also to prepare the 
surface for polishing. A small amount of filiag improves 
the condition of the work; excessive or careless filing will 
destroy its truth. 

114. Mill files are best for lathe work, files single-cut (some- 
times called floats), as at C, Fig. 83. A mill bastard is use- 
ful for a large variety of lathe flhng, but a mill 2d cut is only 
used for finer classes of work. 

116. Speed for filing. — If work is revolved at too high a 
speed, the file will not bite, but will simply glaze the work and 
rapidly destroy itself. As a rule, in filing steel and cast 
iron the lathe may be run at a speed between four and 
five times faster than that used in taking the roughing cut. 
Cast iron must be filed dry. See Table of Cutting Speeds, 
i 98. On brass, the rule is from two to three times the 
roughing speed. 

On work IJ" and less in diameter, run en^ne lathe at its 
fastest speed. Small work i" and less may be filed in the 
speed lathe. 
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To avoid a hot center, loosen the dead center and oil it 
before speeding up for filing. 

116. To hold and to use a file on lathe work. — The work 
A, ¥'\%. 83, is revolved at a moderately fast speed in the direc- 
tion of arrow B, while mill file C is moved in the direction of 
arrow D. The stroke should be slower than in vise work, in 




Pto. 83. — Filing in Lathe. 



order that the work may make a number of revolutions dur- 
ing each stroke; the pressure should be lighter, as the number 
of teeth in contact are fewer. 

Attention. — Clern the file frequently with a file card to 
remove chips, or they will scratch the work. 

117. To finish radial or side surfaces. — A hand file is some- 
times used, but the better method is to use a scraper. See 
5 313. 

118. Round and half-round files for lathe work. — Fillets 
and concave surfaces are generally made with forming tools 
and scraped with band tools. When it is desired to polish 
such surfaces, they may be prepared by filing with round or 
half-round files, giving the file on its forward stroke a slight 
sweep following the curve. 

See Lubricants for Cutting Tools, 5100. 
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HICROMBI^R CALIPERS. 
119. The tnicrometer principle consists of a combination of 
an accurate screw and graduated head or nut by which fine 
measurements and adjustments may be obtained. It is ap- 
plied to feed screws of lathes, planers, milling and grinding 
machines, etc., and to instruments of precision, as the microm- 
eter caliper, Fig. 84, which consists of frame A and barrel B; 




Fig. 84. — Measttrinq with Micrometer Caliper. 

in the end of the barrel is a fixed nut through which passes 
screw C. The caliper is graduated to read in thousandths of 
an inch, but half, quarter, and tenths of thousandths may be 
readily estimated. 

120. To measure work with micrometer. — Place shaft E 
between the faces. Rotate thimble 'F with thumb and finger 
until a light but distinct contact is obtained. Prove results 
by moving micrometer up and down on shaft E, or by passing 
work between micrometer anvil D and screw C with a slight 
rotative motion. 

121. To read micrometer. — Screw C has 40 threads to the 
inch ; the graduations on barrel B are 40 to the inch. One revo- 
lution of the screw opens the caliper one-fortieth of an inch, 
or .025". Thimble F is graduated into twenty-five parts. Each 
division when passing the axial line on barrel indicates one- 
twenty-fifth of one-fortieth of an inch {-^ '^ A = ToVff")- 
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62 PRINCIPLES OF MACHINE WORK. 

Reading. — Every fourth division on the barrel is figured 
1, 2, 3, 4, etc., and may be read 0.100", 0.200", etc.; the figure 
3 may be read 0.300" and the three additional divisions as 
0,075", making 0.375" on barrel. Then add the two divi- 
sions or 0.002" on the thimble, which makes the complete 
measurement 0.377". 

Attention. — A student occasionally reads the example at 
MN backward from zero and obtains .377" instead of .373". 

122. Adjusting the anvil to correct error. — If zero lines do 
not coincide when anvil and screw are clean and in contact, 
adjust anvil D by screw G, first loosening screw H. 

123. Lock nut K may be used to clamp the screw and 
preserve any setting. 

124. Speeder and friction slip consists of a ratchet and 
pawl used as a speeder for the rapid movement of screw, and 
as a friction slip so that the same pressure of contact may be 
obtained At every reading. 

126. A one-hand method of measuring with a micrometer. 
Fig. 85. — Hold Work A with left hand and insert third finger 




Fig, 85. — Measobino Work with Micrometer held with One Hand. 



of right hand into frame to steady caliper B. Adjust screw C 
to work by rotating the thimble with the thumb and first 
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126. To measure work in a lathe with micrometer. Fig. S 
— Hold frame A over work B and operate thimble C 



Fio. 86. — Mbasorino Work im the Lathe with Micrometer. 



127. Large micrometer and stand. — Micrometer stand A, 
in Fig, 87, on bench B, not only protects micrometer C from 




Fio. 87. — Mbasubimg Work on Bench with Micrometer. 

injury, but avoids expansion due to the heat of the hand. 
To measure, hold work D as shown. This micrometer is of 
the interchangeable anvil type. One of the shorter anvils 
is shown at F. 
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Standard end-measuring rods and disks are supplied with 
micrometera measuring more than one inch, to test their 
accuracy. 

128. Decimal equivalents of common fractions. — As mi- 
crometers are graduated to read decimally, the common 
fractions and their decimal equivalents are stamped on the 
frames. A student should memorize the decimal equivalents 
of such fractions as A", 4", X", -A-", Jj", and Jr". , 
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VERNIER CALIPERS. 

129. Vernier principle. — Some instruments of precision 
have in conjunction with the main rule (or scale) a short 
movable scale, called a vernier, to read fractional parts of the 
smallest divisions on the main rule. 

The vernier is divided into one more or one less divisions 
than a given number of divisions on the rule. A division on 
the rule thus differs from a division on the vernier by the 
fraction shown by 1 divided by the number of divisions on 
vernier. 

Rule A, Fig. 88, is divided into inches, tenths, and forti- 
eths i-_^^' = ,025"). Vernier B is divided into twenty-five 
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Fig. 88. — Vernier Principle. 

divisions which equal twenty-four divisions on Rule A. As 
each division on rule A is .025" (jV), each division on 
Vernier B is .024" or .001" less UV X isV = j^h^ " = .001"). 

If the zero line on vernier is set to coincide with the zero 
line or any line on rule A, the next two lines to the right will 
differ from each other by .001", and the difference will increase 
.001 for each division. 

130. Example in reading. — First, read the rule. Each tenth 
is read .100" and each fortieth .025". The first line on rule 
to left of zero line on vernier is distant from zero line on rule 
,300" and three fortieths, .075", which gives 1.375". 

Second, read vernier. Advancing to the right, we find 
that the line at the end of the second division on the vernier 
coincides with a line on the rule as indicated by arrows, .002", 
is the distance of the zero line on the vernier from the division 
on the rule. 

Third, to reading of rule add reading of vernier to obtain 
complete measurement. Thus: 1.375" + .002" = 1.377". 
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131. The applicatioa of vernier principle to Ibe vernier 
caliper in Fig. 89. Each inch of beam C is divided into 40 
parts, and vernier D, attached to sliding head E, into 25 
parts. To measure work, as shaft F, the caliper is placed 
over the shaft and the sliding head is moved to bring 
sliding jaw G and solid jaw H tn contact with shaft, 
clamp K is fastened to beam by thumb screw L. The 
jaws are made to touch shaft delicately yet distinctly by 
adjusting nut M, after which head E is fastened to the beam 




Fia. 89. — MBAStTRiNO WITH Vernier CAtiPER. 



by thumb screw N. The caliper reads the same as the former 
example, Fig. 88, that is: 1.377" or If + .002". It is best 
to use a magnifying glass to read or set a vernier caliper. 

132. To obtain inside measurements with a vernier caliper, — 
To take inside measurements, as the bore of hub P shown 
dotted, the caliper is read exactly as above, then the width 
of the points of the jaws, which differ with the size of the 
caliper is added. For the caliper in Fig. 89 two hundred and 
fifty thousandths of an inch (0,250") must be thus added to 
the reading on the vernier side. 
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133. Vernier caliper as a caliper square. — The vernier 

caliper may be used as a caliper square for ordinary outside 
and inside measurements by reading the back of beam C, 
which is graduated to read to 64th8. 

134. A ten-thousandth micrometer. — Micrometer calipers 
are obtainable to read to the tenth part of a thousandth of 
an inch. A vernier of ten divisions is marked on the barrel 
A, Fig. 90, and in the space occupied by nine divisions on the 
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Fio. 90. — A Ten-thopsandth Micrometer. 

thimble B. The micrometer reads .250" + . To read the 
vernier to obtmn the fourth decima] place, locate the Hoe on 
the vernier, as line 6, which coincides with a line on the 
thimble, and add .0006" to reading, as .250" + .0006" = .2506" 
or 1 + .0006". 
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CHAPTER VI. 

FITS IH MACHIHE COHSTRUCTIOH WITH TABLES OF 

ALLOWAMCES, FORCIHG PRESS. STAHDARD 

AND LIMIT GAGES. 

FITS IN MACHINE CONSTRUCTION WITH TABLES 
OF ALLOWANCES. 

135. Fits in machine construction are most important, and 
unless made according to requirements, impair the usefulness 
of the machine. See Dimension- Limit System, Elements of 
Machine Work. 

Examples. — In an en^ne lathe the live spindle of steel is a 
running fit in bronze or Babbitt boxes in the headstock. The 
footstock spindle of steel is a sliding fit in the cast-iron foot- 
stock. The headstock cone is a running fit and the head- 
stock gear a drive fit on spindle. The headstock, footstock, 
and carriage of cast iron are sliding fits on the ways of the cast- 
iron bed. See Scraping, Elements of Machine Work. 

Like metals are generally used for sliding surface fits, 
unlike metals for running fits. Cast iron to east iron 
wears well for any fit, but steel to steel will quickly abrade 
unless hardened and ground. 

136. The classes of fits used in machine construction are: 
running, sliding, driving, forcing and shrinking fits; "and taper 
fits, running and forcing. The hole or bore for duplicate 
work should be standard. See I 150. 

137. Runnii^ fits vary with the class of work. The 
amount of looseness varies from .0002" on fine watch work 
to -jj^" on some classes of cotton and woolen machinery. 
See Tables, Classes I, II, III, page 69. Running fits are often 
made taper. The adjustment is obtained by moving the 
spindle along the box, or the box along the spindle. 
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Running Fits. — Class I. 



Hole Diahe 
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Shaft Diameter = 

Hole Diameteb - 


Limit Shaft Diam- 

METER + OR - 
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49 
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99 
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00 ti 


8.00 




002376 




000875 



Running Fits. — Class II. 

TABLE OF ALLOWANCES AND LIMITS UNDER STANDARD FOR 
AVERAGE WORK WHERE HIGH SPEEDS ARE REQUIRED. 



Hole Diameter, Inches. 


Shait Diameter = 
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Running Fits. — Class III. 



TABLE OF ALLOWANCES AND LIMITS UNDER STANDARD FOR 
ENGINE WORK WHERE EASY FITS ARE REQUIRED, 



HoiE Diameter, Inches. 
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138. Sliding fits such as the footetock spindle of lathes are 
made similar to running fits except that the final fitting 
is done by draw-filing. See Elements of Machine Work. 

Many lathe manufacturers grind the spindle slightly large, 
then force it back and forth in the footstock with a power 
press, which smooths, straightens, and stretches the hole, 
eliminates wear to some extent and produces a fine sliding fit. 



Hole Diameter, Inches. 


Shaft Diameteb — 

HOI.1! Dl.\UETER - 


LiHiT Shaft Diam- 
eter -H OB - 


.00 to .49 
■ fiOto .99 
1.00 to 1.99 
2.00 to 3.99 

4,00 to 5,99 
6.00 to 8.00 


.0005 
.00076 
.00125 
.00175 
.00226 
.0035 


.00026 
.00025 
.00026 
.00025 
.00025 
.0005 



139. Driving or drive fits, easy and hard are made by 
turning the shaft to size with allowance for filing. For easy 
fits, file or grind until shaft will enter hole about two-thirds 
length of fit with hand pressure; for hard fits, one-third. 
The former are used for light-keyed fits and small work; the 
latter for ordinary work which may be removed for repair. 
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140. Forcing or force fits. — In assembling and erecting 
machinery, nothing is more important than the proper fitting 
of the parts that have to be driven or forced together, or 
driven or forced apart, when making repairs. Examples of 
forcing fits are gears, couplings, locomotive driving wheels, 
crank pins, car axles, rod bushing, crank disks, various kinds 
of bushings, linings into cylinders, various parts of engines, 
generators and motors, iron bands on wagon-wheel hubs, 
crank shafts into automobile fly wheels, various parts of 
built-up cranks, or any two machine parts that have to be 
joined by forcing one into the other with sufiicient power 
to prevent them ever becoming loose. 



TABLE 


OF 


ALLOWANCES AND LIMITS OVER STANDARD 






FOR FORCING FITS. 


Hole Diameteb, Inches. 


Hole Dumeteb + 
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0005 


4 


00 


to4 


99 
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Attention. — To avoid abrasion and destruction of work, 
lubricate both surfaces with machine oil. For heavy work 
use cylinder oil, white lead, or grease. 

141. Taper forcing fits. — For some classes of machinery, 
such as marine and engine work, taper forcing fits are used. 
The bole is bored to a taper of .ji^" to 1", and the shaft ground 
or turned the same or to a slightly greater taper, and from 
.010" to .020" larger, then forced in. 

On some classes of work, the hole is made straight and the 
shaft ground or turned to a taper of about .001* to 1", which 
makes an effective fit. 
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142. Pressures and allowances for forcing fits. — Formulas 
have been deduced and tables made giving pressures required to 
force two parts together; these possess considerable value, but 
serve only as a guide, for the pressure required depends not only 
on the difference in diameters but on the diameter and length 
of fit, smoothness of both parts, material of both shaft and 
hub, and diameter of hub. The material will often make a 
difference of from twenty-five per cent to fifty per cent in the 
pressure for the same allowance. For this reason the method 
that is generally followed is to make tables of allowances and 
pressures for each, class of fits and for different materials. 

FORCING PRESS. 

143. Forcing presses for forcing fits. — The old method of 
making forcing fits is with sledge hammers, rams, etc., but 
such methods are now nearly obsolete except for occasional 
fits, as the process is difficult, dangerous, and lacks uniform- 
ity. The economical, easy, safe, and scientific method is by 
hydraulic -power or belt-power presses of which there are a 
great variety both vertical and horizontal, small and large, 
stationary and portable, to suit all classes of work. Small 
forcing fits may be made with a mandrel or arbor press. 

144. To force screw into bevel gear. Fig. 91. Belt- 
power forcing press. — This type of press may be used for 
forcing fits between mandrel press work and hydraulic press 
work and not requiring a pressure exceeding fifty tons. 

Screw A is keyed, lubricated, preferably with linseed oil, 
and forced into bevel gear B by ram C, to which motion is 
transmitted by gearing actuated by the driving belt D and 
controlled by hand wheel E which operates a friction. The 
hand wheel E is used to raise and lower the ram and to 
control the pressure through its operation of a friction device; 
the harder the wheel is turned the greater the friction and the 
greater the pressure produced. The fricticn only acts on 
the downward moticn. 

The plunger F which compresses glycerine in a chamber at 
the end of ram C, records the pressure in tons per square 
inch by means of gage G. 
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Specifications. — The gear in Fig. 91 is steel case-hardened; 
hole straight, 1^" diameter; screw, crucible steel; length of 
fit, 3"; allowance, and taper, 1.250' in diameter at end and 
1.254" at shoulder (ground); pressure, 8 tons. 

146. To force shaft into flange, forcing fit. Fig. 92. Belt- 
power forcing press. — Shaft A is keyed, oiled, and forced 
into flange B. 

Specifications. — Flange, cast iron; hole 1" diameter; shaft, 
machine steel; length of fit, 1^", straight; allowance, .002" 
to .0025", large (ground); pressure, about 3 tons. 

Attention. — Condition of surfaces (smooth or rough) will 
vary the pressure. 

146. To force shaft into malleable-iron gear. 

Specificatit ns. — Malleable-iron gear; hole 1-^" diameter; 
length of fit, 2"; shaft, crucible steel; allowance and taper, 
1.1875" and 1.1915" at shoulder; pressure, 5 tons. 

147. To force shaft into machine-steel gear. 

Specifications. — Machine-steel gear; hole 2" diameter; 
length of fit, 5"; shaft-machine steel; allowance and taper, 
2.000" at end, 2.004* at shoulder; pressure, 13 to 15 tons. 

148. Shrinking fits are used to fasten a collar, sleeve, crank 
pin, crank, or other piece permanently in place. They differ 
from forcing fits in manner of fitting only. The fit is made by 
heating the hollow piece until it expands sufficiently to go 
on the cold shaft easily. The parts must be put together 
quickly or the heat will expand the shaft and the parts stick 
hard before they are in place, in which case they should be 
driven or pressed apart as quickly as possible. When in 
place, cool slowly with water. 

If the proper shrinkage is allowed, it will not be necessary to 
heat piece above a dull red, 800° F. 

For small work the hole may be standard and the amount 
for shrinkage allowed on shaft. 
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Hole Diaustbr, Inches, 
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149. To shrink tires on wheel centers, — Wheel centers 
are turned standard and the allowance is made in boring 
the tire. 

The allowance for shrinkage in rings or jackets for guns in 
the United States naval gun factories varies slightly for differ- 
ent classes of guns, but it is generally about .001" to the inch. 
That is, if the diameter is 12" the shrinkage will be ,012". 



Wheel Cektek 
Diameter, 

Inches. 


Bore of Tire = 
Wheei, Center 
Diameter - 


Wheel Center 

Dl AH ETEH, 

Inches. 


Bore OF Tire = 
Wheel Center 
Diameter - 


38.00 
44.00 
60.00 


,040 
.047 
-063 


56.00 
62.00 
66.00 


.060 
.066 
.070 



160. Standard boles. — The holes referred to in tables of 
allowances, { 149, for the various kinds of fits are either bored 
or bored and reamed, and are within limits given in table 
of ,00025", They are tested by plug and limit gages, 
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Hole Diameteb, Inches. 


Limit Stand abd Diameter. 


.00 to 1.24 
1,25 to 2,49 
2.50 to 5.99 
6,00 to 8.00 


+ 
.00023 
.00075 
.001 
.001 


.00025 
.00025 
-0006 
.0075 



161. Tables of allowances and limits for standard fits, 

represent common practice, but are not intended to con- 
form to every case that may arise in fitting. In making 
■ allowances for any fit, certain conditions must always be 
considered. For example, the allowances for forcing fits are 
for cast-iron hubs twice the diameter of machine-steel shafts, 
and subject to modifications for different conditions, as the 
amount of metal surrounding the hole, the length of hole, 
and the elasticity of the metal. 

162. To fit by trial and coiTection,and by allowance. — When 
only a few pieces have to be fitted, fit by trial. But for 
many pieces, fit according to allowance given in tables- 

153. To turn and file fits, and to grind fits. — Work that was 
formerly turned and filed in the lathe is now roughed out with 
high-speed steel tools and finished in the grinding machine. 
This process produces work quicker, and truer, cylindrically. 
See § 379. 

164. To produce standard fits. — Fit ordinary calipers to a 
plug gage, reference rod or disk which has the proper allow- 
ance. Turn and file or grind shaft to fit caUper. Another 
method is to use limit caliper gages directly on work. See 
Limit Gages, § 162. 

166. To produce standard fits with micrometers. — Turn 
work direct to diameter plus double depth of tool marks; the 
allowance for filing with a fine feed and sharp tools is from 
,003^0.004". 
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STAMDAM) AMD LIMIT GAGES. 

166. Gages are instruments of reference for standardizing 
measurements and for determining dimensions exactly or 
within limits. 

When a piece ia machined nearly to size, a gage is invalu- 
bte for determining the exact dimension, the tightness or 
looseness of the fit giving an idea of its size. 

157. Standard cylindrical gages, ring and plug. — Fig. 93 
represent an accurate subdivision of the Imperial yard. 



FiQ. 93. — Standard Ring and Pt0o Gagbb. 

These gages are made within various limits of accuracy, 
such as .0002", .0001", .00005", .00002". 

168. Caliper gages, Fig. 94. — The measuring faces of the 




outside gage are flat, the inside cylindrical. For general use, 
this gage is preferred to plug and ring gages. 
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78 PEINCIPLES OF MACHINE WORK. 

169. Reference disk, Fig. 95, is used for testing and setting 

Attention. — As the heat from the hand 
will enlarge a gage perceptibly, the body 
of gages for very accurate testing is often 
covered with a jacket of rubber or wood, or 
provided with a hole to receive a wooden 
handle, as rubber and wood are poor con- 
ductors of heat. 

160. End-measuring rod, Fig. 96, for 

FiQ. 95. — Standard ■ ^ v a A- j- 

Reference Disk, gaging nngs, cylinders, setting ordinary 
calipers, etc. The ends are sections of 
true spheres having diameters equal to the length of the rod. 




Fig. 97. - 

161. End-measure test piece. Fig. 97, is used for testing 
micrometers, caliper gages and setting tools in planer and 
shaper. See Advanced Machine Work. 

162. Limit gages are for use in the manufacture of duplicate 
pieces of work to save the time necessary in finishing to a 
single-gage dimension. They have two fixed dimensions which 
differ an amount equal to the limit allowed. See Tables, 




Outside Limit Gaoe. Fiq. 99. — Inside Limit Gage. 



§S 137, 138, 139, 140, 148, 149, 150. The gages. Figs. 98, 99, 
are clearly stamped with dimensions and directions. 
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STANDARD AND UMIT GAGES. 79 

Adjustable outside limit gages are obtainable which permif 
the limit to be varied to suit different classes of work. 

163. Limit caliper gages for roughing out work are made 
from .003" to .01" larger than the maximum diameter of the 
finished piece, depending on the class of work. 

164. Special gages. — Various other standard and special 
gages are obtainable. 

Attention. —Care must be exercised to clean and oil gages 
before using and also not to force them into or over work with 
undue pressure or they will wear excessively and soon become 
unreliable. 
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CHAPTER VII. 

TAPERS IH MACHIHE COHSTRDCTIOH. TAPER TURHIHG AHD 

FITTIHG. TAPER ATTACHBIEHT. STRAIGHT 

TURHIHG AHD FITTIHG. 

TAPERS IN MACHINE CONSTRUCTION. 

166. Tapers are expressed as so much per unit of length, as 
1" per foot; that is, a piece 1' in length would be 1" larger at 
one end than at the other, as at .d and B, Fig. 100. They 



FiQ. 100. — Diagram for Reading Tapers. 



may be expressed as so much per foot from the center line; 
as, i" per foot from center line, ^" at A' and 1" at B', the 
same taper as 1" per foot. They are also expressed in angular 
measurement, see Table of Tapers and Angles, Advanced 
Machine Work, as at C, angle of 4° 46', or as at C, 2° 23'. 

166. Tapers, standard and special. — Taper parts are used 
on nearly all machines. The Morse taper system, approxi- 
mately I" per foot {see §§ 648, 649), is used on drills and in 
drilling -machine and lathe spindles; the Brown & Sharpe taper 
system, ^" per foot (see §§ 650, 651}, in milling-machine spin- 
dles. Both are designated by name and numbers. 

The Jarno taper system, .600* per foot, is used to some ex- 
tent in lathe and grinding-machine spindles. See §§652, 653. 

Special tapers are used for spindle boxes, pins, and similar 
work. 
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167. Methods of turning taper, — Set over footstock, Fig. 
101, or use a taper attachment, Figs. 105, 106. The first 
method can only be used for outside tapers; the others can 
be used for either outside or inside tapera. 

168. To calculate distance to set over footstock. — Multiply 
one-half taper per foot (in inches) by whole length of work 
or mandrel (in feet). 

ExamjAe.—The Morse Taper No. 3, Fig. 101, is .602" per 
foot, length of work 8". Elnd amount to set over footstock. 




Fio. 101. — Turning Taper with Footstock Sbt-0' 



.602 8 „„„„„ 13 " 

Soluhon. — -— ^Y^ = -^OO?" or ^ ■ 

The distance the centers enter the work affects this rule so 
slightly that it is ignored. 

169. To set over footstock calculated distance, unclanip 
footstock and rotate adjusting screws to move dead center 
forward .2007" or ^f, as at A, Fig. 101, measuring lines B 
with dividers or rule set to .20". See Table of Footstock Set- 
over for Morse, and Brown & Sharpe Tapers. See §§654, 655. 
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170. To calculate set-over wlien only leagth and diameters 
are given. Fig. 102. 



Fia. 102. — Example i 



Formula. — - 



Total length 



a Taper Turning, 



Difference in diameters 



Length taper portion 2 

= Set-over. 
Example. — To find set-over; total length 14' 1"; tapered 
portion 4' 2"; difference in diameter 9"— 6"= 3". 
Solution. — 14' 1" = 169"; 4' 2" = 50". 
Yo^xf = 5.07" (set-over). 

171. To use a pattern to obtain set-over. — If a piece of 
taper work has to be duplicated, use it as a pattern to obtain 
approximate set-over by mounting it on centers and using a 
test indicator. See Tapering Pulleys, 5316. 

TAPER TURNING AND FITTING. 

172. To turn, file and fit Morse tapers No. 3 (.602" to 1'), 
Figs. 103 and 104. 



Fig. lOa. — Schedule Drawing of Taper Turning » 



Fig. 104, — Morse Standakd Taper Ring Gage, No. 3 
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TAPER TURNING AND FITTING. 83 

SCHEDULE OF OPERATIONS, MACHINES, AND TOOLS. 

ROUOBIKa FlNIBHINQ 

Stock, iron casting J" large. 

True live center. Set dead center in alinement. 

U^e carboD-eteei i;utting toole. See Exception, p 



Opebationb, 


Feedb- 


Tools. 


Snag, center, rough-square, reeenter. 


Centering machine, 


Vise, chisel, file. 


Bniah ajuare. See § 112. 


EiiEiine lalhe, 12* 


round-nose tool. 




to 16'. 


Bide tool, 15°rake. 


Straight turn. Bough one cut, 
Bnish one cut. 




Dog diamond-point 
tool, 16° rake, 










Lay off length of taper, (1). 




Vise, rule, scriber, 




chalk or copper 






sulphate. 


Se( over footstock to ,2007' or i|- 


2d speed, or 35 


Diamond- point tool, 


as in Fig, 101 or set taper attach- 


F.P.M. Power 


15° rake, calipers, 


ment to approximate taper. 


feed — 80 to 1", 


rule. 


Set tool height of centers and 






rough turn H' »t srnaU end, one 






cut, 2. When within -ff" of C. 






Fig. 101, release powerfeed and use 






hand feed to within A' of C. 






Grind and oilstone tool. Take a 


3d speed, or 50 


Round-nose toot. 


trial cut about .004' to .005- (3). 


F.P.M. Power 


Morae taper ring 


Piece will enter gage about 21", 


feed — 140 to 1'. 


gage. No. 3, Fig. 


enough to determine fit. 




103. 


aean hole and work. Chalk line 




Round-nose tool, 


along work and test in gage with 




Morse taper ring 


rotating motion. If chalk line 




gage,No.3,rhalk 


shows contact throughout by 




ot Prussian blue. 








only large end bears, set footstock 






backward slightly or vice versa, 






andtakeanothertrialeut. Repeat 






above until taper is correct. 






Rough turn one cut to Jf , *, or 


2d or 3d speeds, or 




until it will reach within i, of 


36 to 50 F.P.M 


15° rake, calipers, 


end of gage. 


Medium power feed 


rule. 


Rjgrind and oilstone tool. Finish 


3d speed, or 50 


Round-nose tool. 


turn one cut to .753' at end + 


F.P.M. Fine 




,004" for Sling until end of work 


power feed. 










File lightly all over to remove tool 


Engine lathe, 4th 


8" or 10- mill bas- 


marks, (8). Chalk line on work. 


speed, or speed 


tard file, file card, 


Test work in gage, and file bright 


lathe, 3d or 4th 


Morse taper ring 


spots. Continue until fit is uni- 


speed, or 105 


gage, No. 3, 


form and end A is even with end 


F.P.M. 




ol gaae, B, Fig. 104, or .753'. 




chalk or Prual 
sian blue. 



AtUntian. — Turning tools 
light finishing cuts. Avoid exi_ . . 
walls of gage with Pruasian blue 



. . height of center. Take 

filing. For very accurate work, coat 
to test taper. 
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84 PRINCIPLES OF MACHINE WORK. 

TAPER ATTACHMENT. 

173. To turn taper with taper attachment. Figs. 105, 

106. — These attachments are applied to engine lathes to turn 



Fia. 105. — Turning a Taper with Taper Attachment. 




Fio. 106- — Taper Attachment Set to Turn a Taper ok i' 



outside and inside tapers. The footstock does not have to 
be set over, and the length of the work does not have to be 
considered. * 
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TAPER ATTACHMENT. 

SCHEDULE OF OPERATIONS. 

Figa. 105, 106. 



Guide bar A is set to turn 
taper of drill socket B. Stub 
mandrel C provides a center for 
hollow end of socket. Guide bar 
A carries gibbed sliding block D 
which is. connected by bolt E to 
extension F of supplementary 
slide F' whicb forms the base of 
_ cross slide G. Guide bar is 
sw-iveled upon its base H by 
unclamping screws L, U. Drill 
socket S is to have a Morse 
taper, No. 4, .625" or 5' to 1'. 

To Set. — Rotate adjusting 
acrewB M, M' until the gradua- 
tions on scale at N indicate the 
taper. See N', Fig. 106. 

Graduations on one end of bar 
give a taper of i" to 1', and on 
.the other, A" to 1'. 



Fasten clamp P by bolt Q and 
clamp nuts. R, ff on screw S. 
Sliding block D and slide T move 
with carriage. Guide bar A and 
base H remain stationary. . 

Attention. — Take trial cuts 
and test in taper ring gage or 
in spindle, and make corrections 
by adjusting giude bar. See 
Taper Fitting, gS 165-172. 

Caution. — Take up back lash 
before each cut by running car- 
riage back at least J" beyond 
end of work to avoid turning a 
portion at end straight. 

Note. — To use lathe for 
straight work without disturb- 
ing taper setting, remove nut. B 
and move clamp P away. 



STRAIGHT TURNING AND FITTING. 
174. To turn and file a i" straight running fit. 



■ ■ STANDARD RINO OAOE 



Fia. 107. — Schedule Drawinq of Straight Turning and FrrriMo. 




Fio. 108. — 1" Standard Ring Gage. 
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SCHEDULE OF OPERATIONS, MACHINES, AND TOOLS. 

RoiraHiNa. Finishing. 

Stock, iron CEisting J' large. 
True live center. Set dead ceater in accurate alinement. 

Uee carboQ-steel cutting tools. See Exception, p. 59. 



Operations. 



Tool*. 



To Make Fit by 


rniAL AND COBBECTION. 


Snag center, rough sqilare, recenttr 


Bn^ne lathe 12* 


Calipers, rule, 


and finiflh square. See J 112. 


to 16-. 


round-nose tool, 
side tool, 15° rake. 


Rough turn 1'+ it', one cut, (1). . . . 


Ist speed, or 2E 


Copper under set 




F.P.M. Power 


screw of dog, 




teed — 80 to 1*. 


diamond-point 
tool, IS" rake, 


Grind and oilBtone tool. Oil man- 


3d speed, or SO 


Round-nose or dia- 


drel and push in gage. Set cali- 


F.P.M. Power 


mond-point tool. 


pers to large end close to gage. 


feed — 140 to r. 


15°rake, cslipeis. 


Take light cute at end about i" 




1' mandrel, 1' 


in length untU calipers fit work 






slightly harder than on mandrel. 






Oil and try in gage. Fig. 108. 






When it enters about ^* with 












take cut from end to end by re- 






versmg work, (3), one cut. 








Engine lathe, 4th 


8* or 10* mill bas- 


and oil work and gage. Try in 


speed, or speed 


tard file, file card. 


gage. Wipe off oil after each 


lathe, 3d or 4th 


1- ring gage, oil. 


*ial. Continue fitting over whole 


speed, or 110 











Atlention. — Test with calipers frequently. Avoid excessiva filing. 
Teat work in both ends of gage, as reamed holes are usually slightly 
larger at one end. The lack of oil when testing in gage will spoil both 
work and gage. 

176. To make a i" running fit by allowance, Figs. 107 

and 108. 







"^^^MiioM'::::::;::::::;:. 




and 


Micrometer calipers 
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CHAPTER VIII. 

LATHE TOOLS FOR STEEL OR WROUGHT IRON. HOLDERS 
AMD CDTTERS. CDTTmG-OFF TOOLS. TORHIHG STEEL. 

LATHE TOOLS FOR STEEL OR WROUGHT IRON. 

176. More rake is used on these tools than on those used 
for cast iron. 

177. Right-side tooL — The top face A, Fig. 109, is given a 
side rake of about 35° and the side clearance is 10°. A lubricant 
may be used, but good results are ohtiuned in squaring and 




Fio. 109. — Side Tool for SauARiNo Steel or Wrodght Iron. 
turning small work dry. See Lubricants for Cutting Tools, 
MOO. 

178. Step method of squarii^. — To square a rough end or 
remove extra length, the step method is used. The side tool, 
Fig. 110, is fed inward about -[\"> then fed by hand long. 




^<n. 
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feed. Thiscutsthefirststep,asat 1. The process is repeated 
at 2, and so on to the countersink. Then a continuous rough- 
ing cut is taken outward. When a forging or stock for a 
shaft, or spindle, is extra long, the first end is rough squared 
in the regular way, and the second end by the step method, as 
at A, Fig. 111. The stem left is chipped and filed off. The 
stock is recentered and finbh squared. If extra length 
exceeds f " a cutting-off tool may be used. 

179. Right diamond-point tool. — For machine steel or 
wrought iron the top face A, Fig. 112, is given a combi- 
nation of front and side rake of about 35° for roughing or 
finishing. For carbon steel 
(annealed) it is usually 
given less rake, 25° or 30°, 
and the cutting speed re- 
duced. 





Fig. 112. — Diamond-point 
Tool for Turning Steel 
OR Wrought Iron. 



Fig. 113. — Rough Turning 

Steel or Wrought Iron. 



180. To turn with a diamond-point tool. — Fig. 113 shows a 

diamond-point tool taking a roughing cut on machinery steel 
or wrought iron. 

181. Steel or wrought-iron 
chips. — In Fig. 113 a chip 
cut by a tool with 35° rake, 
which produces a good sur- 
face, is shown, while in Fig. 
114 the straight broken chip 
is cut by a tool without rake, 

which requires more power and leaves a ragged surface. 

Only the inexperienced would use a tool without rake for 

squaring and turning steel or wrought iron. 
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LATHE TOOLS FOR STEEL OR WROUGHT ffiON. 



182. A small roughing tool, substitute for diamond-point, as 

in Fig. 115, is often used in roughing and finishing steel or 




Fia, 116. — Rough Tttrnino Steel or Wrought Iron. 
wrought iron. It may be used for heavy cuts on cast iron. 
It is given considerable side clearance, see end view, which 
shows at ii a section taken at BC. The point is shaped as 
shown at D and E. 

183. A large roughing tool for steel or wrought iron is shown 
in Fig. 116. 




Fig. 116. — Rough Turning Steel or Wrodght Iron. 
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184. Large roughing tool ground from bar. — Fig. 117 

shows a heavy roughing cut on a piece of tough nickel steel 




Fm. 117. — Rouaa Tdhnino Steel or Wrought Iron. 



taken with a large roughing tool made of high-speed steel and 
ground from the bar. 




186. To finish turn steel or wrought iron. — The diamond- 
point tool in Fig, 118, with a fine feed, is best adapted to use 
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LATHE TOOLS FOR STEEL OR WROUGHT IRON. 



for finishing. To save time, small and large square-nose finish- 
ing tools, Figs. 119 and 120, are often used on large worit with a 




Fis. 120. — FiNiaHiNG Steel or Wrought Iron. 

lubricant, light cut and coarse feed. The tools drag a little; 

that is, the back corners are set to cut deeper than the front 

corners to avoid chatterii^. See A, Fig. 123, 

186. Spring finishing tool. — Fig. 121 shows a high-speed 




Fig. 121. — Finishing Steel or Wrought Iron. 



steel spring tool taking a light finishing cut with a lubricant 
on a shaft of nickel steel. 

Attention. — Broad-nose tools have a great tendency to chat- 
ter and produce a rough corrugated surface caused by the long 
cutting edge, and made worse by frail, slender work, loose spin- 
dle bearings and loose cross slid^. 
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187. Action of spring tools. — Broad-nose finishing tools 
have a tendency to dig into the work. The curved portion 
of tool in Fig. 121 serves &a a spring, and when the cutting edge 
is aet at the height of center, it will spring away from rather 
than into the work when a hard spot is encountered as the 
pivoting point is above the center. The success of spring 
tools depends upon having the proper amount of spring in 
proportion to length of cutting edge and diameter of work. 

188. A shear tool, as in Fig. 122, is used, with a lubricant, 
to take a light finishing cut on steel or wrought iron. 

Square-nose, spring and shear finishing tools should not be 
used until one has had considerable experience. 



C 



f 




For long shafts that are rigid or well supported with a steady 
rest, a diamond-point, set as in Fig. 123, will produce an excel- 
lent finish either dry or with a lubricant. The cutting edge 
drags a little at A. 



^ 



Fio. 124. — Left Side Tool for Steel or Wrought Iron. 
189. A left side tool is shown in Fig. 124. It is ground 
with the same angles as the right side tool and is used for 
squaring left shoulders. 
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190. A left diamond-point tool is shown i 
is used for turning from left to right. 



Fig. 126. It 




Fio. 125. — Left Diamond-poimt Fiq. 126. — Haw Diamond-point 
Tool fob Steel or Wrought Tool fob Steel ob Wrodqht 

Iron. Iron. 

191. Arighthalf-diamondpointtoolisshowninFig. 126. Ais 

its top face. It can be used to turn up to and to square a shoulder. 

HOLDERS AND CUTTERS. 

192. Holders with inserted cutters, shown in chart, Fig. 131, 
are displacing forged tools to some extent. The cutters are 
of high-speed steel. The cutting angles are the same as on 
forged tools, and a student should become familiar with forged 
tools before using holders and cutters. 

193. A straight holder, A, Fig. 127, supplied with a cutter B, 
held by screw C, is used as a substitute for a diamond-point 
tool. 




Fio. 127. — RoDGH Turning Chromb-Vanaditim Steel. 

Fig. 129 shows at D, E, and F some uses to which a straight 

holder and cutters may be put; and Fig. 130 shows some uses 

of the right and left bent or offset holders and cutters G and H. 
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194. Useful forms of cutters. — For convenience, one should 
have a number of cutters ground to suitable cutting angles 
for different materials and for different operations, as /, J, 
K,L, M, N, Fig. 128. 






^Z7 



y..- -t:^- ...j^ 



\x: 






^x: 



:z7 

3> 

:z7 



Fig. 128. — UsEruL Forms of High-Speed. Steel CnrrcBS. 
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< 



:> 



FiQ. 129. — Operations with Fig. 130. — Squarino or Facing 
Holders and Cutters. with Offset Tools. 



CHARTOF LATHE TOOL HOLDERS 

FOR VARIOUS FORMS OF HIGH SPEED STEEL CUTTERS 
OUTSIDE TURNING AND THREADING 



A 



Oi 



A 



LoJ 



INSIDE TURNING AND THREADING 







Y^ 


C 


ocv 


b 


< 


n 


.^■ 


^ 


'"« 


p 


C 


o 


1 





7 








_ 






_ 
















19 




H- 




21 






22 






23 






24 
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196. Double holder. — Fig. 132 shows a " home-made " 
double tool holder A, facing both sides o£ blank B in one 



Fio. 132. ^Facing Gear Blank with Double Holder and CtiTTBRS. 
operation. Cutters C, C are adjusted to cut aa desired, 
then clamped by screws D, D'. 

For duplicate pieces, clamp lathe carriage and use index 
pointer on mandrel press to locate blank on mandrel. 

196. Two forged tools for facing. — Two bent tools A 



Fig, 133. — Facing Gbak Blank with Two Forged Tools. 
and A', Fig. 133, held in two tool-posts B and B' or by a 
bolt and strap, may be used to face the sides of gear blank C 
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CXJTTING-OFF TOOLS. 
197. Cutting-off tool, — Fig. 134 shows a cutting-off tool 
for all metals. A is its top face. For clearance it is made 




All MbtaI:8. 



wider at the point, as shown. For steel or wrought iron a 
lubricant must be used, and the tool is often given front 
rake. For cast iron or brass the tool is used dry. The cut- 
ting speed is the same as for rough turning. 

198. Cutting-off stock. — The tool is used close to the chuck 
jaws, as in Fig. 135, and should never be used to cut off stock 



Fig. 135. ^CDTriNO-OFr Stock in Engine Lathe. 

more than one diameter of stock away from chuck jaws lest 
it catch and break and also strain the chuck. Do not 
attempt to sever stock completely, as in Fig. 136, but finish 
cutting with a chisel or hack saw. Fig. 137 shows an offset 
cutting-off tool holder and cutter. 
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CUTTINCMJFF ToOL. 



Pio. 137. — CuTTiNG-OFF Tool Holder 



TURNING STEEL. 
199. To prepare two shaft blanks, c 



to turn and file 
running and driving fits {Fig. 138), and one to grind run- 
ning and forcing fits (Fig. 139). 



rr'A'-A"-^ , 






-^^^ 



STOCK 
MACHINE STEEL 

Fig. 138. — Prepahing Shaft Blamk fob TuRNmo 
Schedule Drawing. 



vS' 



) FiLiNQ Fits. 



er^ 



STOCK 
MACHINE STEEL 

Fio. 139. — Phbfaring Shaft Blank fc 
Schedule Drawing. 



J 



CCt HT (T) 
Roi5o» \K.. 



\)h il\ "(s^ 



GRindikg Fits. 
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TURNING STEEL. 



MULTIPLE SCHEDULE OF OPERATIONS, 
MACHINES, AND TOOLS. 

ROUGBINO. 

Stock, machine steel A' to i* 'wge. Machine dry, or use lard o 
True live center. Set dead center in approximate alinement. 
Use faigh-epeed steel cutting tools. See Exception, p. S9. 



Opehationb. 


Machines, SpBEna, 
Feeds. 


Tools. 


Center (1), (2), Fig. 138 (1), (2), 


Centering machine. 


A' or No. 43 driU, 


FiR. 139 t« ft-. 


Dr:Uapecd,1200 






R.P.M.Counttr- 


lard oil. 




aink speed, 600 






11.P.M. 




Rough gquare (3), (3), then (4), (4) 


Engine lathe 12* 


IX«, side tool, 35* 


toSA-. 


to l^. 2d or 


rake, or holder 




3d speed, or 50 


and cutter, cali- 




F.P.M, Hand or 


pers, rule. 




power feed. 




Recenter to ft' and finiah square 


3d or 4th speed, or 




(3), (3), then (4), (4). 


80 F.P.M. Hand 

or power teed. 




M&rk linea approximately equidia- 


Ist or 2d speed, or 


Two dogs with cop- 


tant from ends, (B), (fl). Rough 


40 F.P.M. Med- 


per, diamond- 


turn to 1.078' {«), (6). Reverse 


ium power feed, 


point tool, 35" 


and turn (7). (7). One or two 


—80 to 1*. 


rake, or holder 
and cutter, mi- 


Mark lines at (8), (8). 




Copper sulphate, 
rule, scriber. 


Roughtum(9).C«)to(fl),(8). One 


2d speed, or 60 
F.P.M. 




Cut recew to 0.99" diameter, (lO). 


1st or 2d speed, 


Cutting-off tool. 




oi 30 F.P.M. 


lard oil, calipers. 




Hand feed. 


rule. 


To Rrind Bt8, see J 419. 






To turn and file Bti, see | 200. 







200. TiimiDg and filing 1" drive fit, (10), (U), Fig. 140. 






^® 



h ® 



Fig. 140 — Scheddle Dbawing. 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 



Stock, shaft blank machine steel, rough turned 1.015* diEimet«r. 
True live center. Set. dead center in accurate ahnement. Hachin 
dry, or use lard oil. 

Use high-speed ateel cutting toola. See Bxceplwn, p. 59. 



To Make Fit b 



D CoBHEcnON, (10). 





Engine lathel2'to 


Dog, copper, 1' 


work (flanee or gear). Set cali- 


16'. 3d or 4th 


mandrel, dia- 


pers to large end close to work. 


speed, or 70 


mond-point tool, 


Take several light cuts about i' 


F.P.M. Fine 


35" rake, ot 


in length until calipera fit work 


power feed,— 


holder and cut- 


slightly harder than on mandrel. 


140 to 1-. 


ter, calipers, oil- 
stone. 


Hold work in vise. Oil shaft and 


Vise. 


Copper iawfl. 


prees into large end of hole. 






When it enters from A' to A' 






with band pressure, continue cut 






to shoulder. 








3d or 4th speed, 
or 70 F.P.M- 
Iland feed. 


Side tool, rule- 


Pile small portion at end. Clean, 


Engine lathe, 4th 


s' or lO' mill bas- 


oil, and press into hole. Continue 


speed, or speed 


tard, file, file 


filing sparingly and testing until 


lathe, 1st or 2d 




shaft will enter hole one-third 


speed, or ITS 




length of fit. Keyways are cut 


F.F.M. 




and key fitted before shaft is 






pressed or driven to shoulder. 







AUention. — Hand pressure means grasping dog with botli hands, and 
pressing shaft hard into hole with a right rotation. A left rotation will 
remove it. After each trial, the brightness of the surface and testing 
with calipers will indicate where to file. This is often called a wringing fit. 
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TURNING STEEL. 101 

201. To make a 1" drive fit by allowance, Fig. 140. 











ajid 








See Belt-power Fordng Press, Fig. 92 





202. To turn and file 1^" running fit, (12), Fig. 140. 

Shaft blank machine steel, i-ough-turned 1.078" large. 

Grind tools to 35° rake; machine dry, or use lard oil and 
for method of making fit, see S 174. For grinding fits, see 
5 419. 
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CHAPTER IX. 



SCREW THREADS. 

203. Forms of threads. — There are four common forms of 

threads: the Sharp V, Fig. 141; the United States Standard, 

Fig. 142; the Square, and the Acme Standard or 29° thread. 



Fia. 141. — BiXTTioNAL View op Sharp V Thread. 



Fig. 143. — SbctionaIi View op U. S. S. Thread. 
The Whitworth (English) Standard thread. Fig. 161, is very 
little used in the United States. It is standard in Great Britain 
for coarse pitches. The British Association Standard thread 
is standard for fine pitches. It is similar in form to the 
Whitworth, but the angle is 47J degrees. The International 
and French Standard threads, used with the Metric system 
in some foreign countries, are based on the same formulas as 
the United States Standard thread. See g§248, 63&-638. 
102 
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SCREW THREADS. 103 

204. Right and left screw threads. — A right screw, Fig. 
141, enters its nut when rotated to the right (clockwise). A 
left screw, Fig. 142, is the reverse. Screws are supposed to 
be right'threaded unless designated left, 

206. Uses of different threads. — A right Sharp V or United 
States Standard thread is used to fasten parts together. A left 
thread is also used to fasten parts together, but only where 
a rotary motion would loosen a right thread as the nut on the 
near side of a wagon axle. The Square and 29° threads both 
right and left, are used to transmit motion. 

206. Method of threading screws and nuts.. — Screws for 
fine machine parts are threaded in a lathe. Bolts, studs, 
and screws are threaded with dies by power and by hand. 
See Dies, §§539-544. 

207. Lead screws, taps, and worm screws may be milled 
with a thread milhng machine. 

208. Small nuts are threaded with a tap by hand or power 




) Ndt. 

(see Taps, § 510) ; large nuts are usually threaded in a lathe. 
Fig. 143 shows a screw and section of nut. 

209. Rolled threads, produced by rolhng the material 
between moving dies, are used on stove bolts, carriage bolts, 
some machine screws, etc. 

210. Single and multiple threads. — Ordinary screws are 
single threaded, but for special purposes screws are double 
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104 PRINCIPLES OF MACHINE WORK. 

threaded, triple threaded, etc. Examine the end of the screw; 
if only the end of one thread and one groove is found, it is 
single threaded, etc. See Multiple Threads, § 622. 

211. The pitch of a thread is the distance along the axis of 
the work from the center of one thread to the center of 
the next, as P, Fig. 141. 

212. The lead of a thread is the distance the screw advances 
in one revolution. In a single thread, the pitch is equal to 
the lead; in a double thread, the pitch is one-half the lead, etc. 

213. Threads or pitches per inch signify the number of 
threads contained in one inch in length. For example, for 
t'c" pitch we have 10 threads per 1" (often called 10 P). 

214. The diameter of threaded work is measured over the 
tops of the threads, as 1", Fig. 141. 

216. The root oi bottom diameter is measured at the root 
or bottom of groove, as .7836", Fig. 141, 

216. Thread calipers, Fig. 144, may be used to test the 
diameter of Sharp V, United States Standard or 29° thread 
screws. As the fit is on the sides only the points are filed to 
fit the thread gage and are left truncated as at A and A' to 
avoid touching the bottom. The calipers are set to size by 
means of a thread gage, tap, or screw. 

For accurate work, the screw is cut nearly to size of calipers 
and the final test is made by trying screw in the nut or work. 



217. To count threads. — Place rule A on thread B, Fig. 
145, count grooves in one inch. To count Square and 29° 
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SCREW THREADS- 105 

threads, place the end of rule against the right edge of one of 
the threads and count the spaces to the right. For double 
threads, triple threads, etc., count all the spaces and divide by 
2, 3, etc., respectively, 

A screw-pitch gage A, Fig. 146, is used to determine number 
of threads to one inch on a screw or in a nut. Handle A 



Fig. 146, — Countino Tbreads with Screw-Pitch Gage. 
contains many blades notched with all the ordinary threads 
to one inch. To determine number of threads to one inch, as 
at C, select by trial a blade that will match thread, and the 
number at D on blade, as 10, gives number of threads to one 
inch on screw. Decimal E is the double depth of a Sharp V 
thread of this pitch. 

218. The Sharp V thread, Fig. 147. — The single depth for 
a 1" pitch thread is .866", double depth 1.732". For pitch P, 
depth = ,866 P = D. Double depth = 1.732 P. 

No. of threads per inch ' 
Root diameter = Outside diameter — double depth. 
Formida: — Root diameter = Outside diameter — 
1.732 



No. of threads per inch 

Example. — To find root diameter of a 
screw 1" diameter, 8 threads per 1". 
Fio. 147. — Section 
SuowiNO Pitch and 1.732 

Depth op Sharp V Solution. — 1 - — - — = .7835. 
Thread. 8 
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219. Table of Sharp V-thread screws. 



DlAM- 


No. Threads 


DlAU- 


No. Threads 


DlAM- 


No. Thbeam 


Schew. 


PER Ihch. 


Screw, 


PER Inch. 


SCREW. 


FEB Inch. 


i 


20 






3i 


3 








38 


3 










3i 


3 


t 








38 






4 


3i 


3 






2 


4 


3| 


3 


|j 




21 


4 


3 
2} 


i 




2 






2i 


f 




^ 




4 


2* 




2J 




6 


2 


M 




2 






2 






2J 




3 


2 


H 




3 


3i 


2 


H 




3 


3i 


6 


2 



For Diameter of Tap Drills for Sharp V Threads, see § 538. 

220. The United States Standard thread, Fig. 148, has its 
top and bottom truncated by J of the depth, shown by divi- 
sions 1, 2, 3, etc., Fig. 142. The single depth of a 1" pitch is. 6495, 
double depth is 1.299". For pitch F, depth = .6495 F = D. 
Double depth = 1.299 F. 



- pitch = 



No. of threads per inch ' 



Root diameter = Outside diameter — double depth. 
Formuia. — Root diameter = Outside diameter — 



No. of threads per inch 
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THREADING TOOLS. 107 

Example. — To find root diameter of a screw 1" diameter, 
8 threads per 1". 



Fio. 148. — Section SHOwma Pitch and Dbpth of U. S. S. Thread. 
221. Table of United States Standard thread screws. 



DiAU- 


No. Thheads 


DlAH- 


No. Threads 


DlAM- 


No. Threads 


Screw. 




SCREW. 


FEB Inch. 


SCREW. 


FEB Inch. 




20 


H 


5J 


3| 


3i 






If 




3 


3i 






H 






3i 


I 




2 




3 


3 


; 




2i 




3 




2i 




4 


3 






2§ 




ii 


2i 






2 




■ii 


2 




2 




41 


2 






2 




S 


2 






2 




5i 






3 
3i 




p 


2 
2i 






34 






2i 



For Diameter of Tap Drills for U. S. S. Thread, see % 53S. 

THREADING TOOLS 
222. The forged threading tool, Fig. 149, is forged, liardened, 
and then tempered to a light straw color. The clearance at 
F D E is 15°, and the cutting edges are GH and JK. 



l-> 



rt 



Fia. 149. — Shape of Sharp V-thrbading Tooii. 
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108 PRINCIPLES OF MACHINE WORK. 

The top is ground first and then the front faces are ground 
X) fit center gage and the top is then set at height of center, 
ts shown in Figs. 150 and 151 at L, M, N and 5. 




223. To set threading tool at height of center and at right 
angles to work. Fig. 151. 




SCHEDULE OF OPERATIONS. 



1. Turn work P to diameter. 

2. Chamfer end Q depth of 
proposed thread. 

3. Clamp tool R lightly with 
point 2" from tool-post. 

4. Adjust point to height of 
dead center {MN, Fig, 150). 



5. Hold gage S as shown. 
Adjust cross feed. 

6. Rap tool around until edge 
TU is paraUel to work and about 
A" from it. 

7. Clamp tool firmly. 



224. A special threading tool that may be used straight or 
bent to thread to a shoulder, is shown in Fig. 152. 



^ 



FiQ. 152. — Threadinq Tool to Cut to Shodmibh. 
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226. United States Standard threading tool. — The United 
States Standard thread is cut with a V tool, A, Fig. 153, 



A 



A 



truncated at point B, Fig. 164, J depth of thread, which 
varies for every pitch. It is ground to fit notch A in U. S, S. 




Fig. 155. — Gage for U. S. S. Thkead Tool. 



thread gage, Fig. 155, then truncated at point to fit notch 
which corresponds with the threads to be cut, 8, Fig. 155. 
The tool is set the same as a Sharp V-thread tool. 

AUerdion. — This thread is displacing the Sharp V thread. 
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no PRINCIPLES OF MACHINE WORK. 

THREADING OR SCREW CUTTING. 

226. The theory of screw cutting in the engine lathe. — To 
thread a screw in a lathe, the threading tool la moved along 
the bed a positive and uniform amount for each revolution 
of the lathe spindle. This motion ia obtained by means of a 
train of change gears which connect the lathe apindle to the 
lead screw, and by half nuta in the apron which connect the 
lead screw to the carriage. 

On most lathea the first change gear is on a separate shaft 
called the stud. On some lathes thia stud ia geared to rotate 
at the same speed as lathe spindle, and on others at a dif- 
ferent ratio. 

Ordinary screws may be cut with simple gearing, — two 
change gears as in Fig. 156. See Compound Gearing, { 242. 

227. To calculate simple gearing with spindle gear 1 to stud 
gear 1: 

Lead screw threads per inch X constant 
Threads per inch to be cut X constant 

teeth in gear on stud 



teeth in gear on lead screw 



The constant may be the common difference in number of 
teeth between the consecutive change gears, and this or any 
multiplier may be used to obtain available gears. 

228. Example. — To cut 13 threads to 1", Lead screw 
5 threads to I"; speed spindle same as stud; constant, 5. 

5 X 5 25 {gear on stud.) 

Solution. — -r = -- , , , 

13 X 5 65 (gear on lead screw)- 

Attention. — For stud ratios other than 1 to 1, multiply 
threads per inch of lead screw by ratio of the stud gear to the 
spindle gear and proceed as before. 
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PREPARATION OF BLANK AND NUT. 



lU 



Solution. — 



229. Example. — To cut 13 threads to 1' spindle gear 1 to 
stud gear 2, Fig. 156. Lead screw 8 threads per inch; 
constant, 6; speed of stud is one-half speed of spindle. 

8 X 2 X 6 _ 96 (gear on stud.) 
13 X 6 78 (gear on lead screw.) 

230. A practice screw blank and nut for threading or screw- 
ing cutter in an engine lathe, United States Standard or Sharp 
V thread, Fig. 1S6. 

« ' AtOUT B* It 



PREPARATION OF BLANK AND NUT. 

Stock, machine steel or wrought iron. Rough and finish 
turn portions A and B, Fig. 155, to size for United States 
Standard thread, or ^\" small for Sharp V thread. See Tap- 
ping and Threading Sizes, § 534. Tap nut C with i" United 
States Standard or Sharp V-thread tap. Use lard oil for tapping 
or threading. 

True live center. Set dead center in accurate alinement. 

231. DeGcriplion of screw-cutting mechanism, Fig. 157. 

L — Stud. 

M — Radial arm. 

JV — Bolt to clamp M so that 

F drives through KH 

toff. 
P — Reversing lever; shifts 

bracket for cutting right 

or left threads. 
Q — Bracket carrying D and 



A — Gear on spindle. 

B — Spindle. 

C — Gear driven by one or 

both idle geara. 
D & ly — Idlers for revering. 
E — Stud driven by C. 
F — Stud gear. 
G — Lead screw. 
H — Lead-screw gear. 
K — Idler gear, loose on stud. 



ly. 



Exception. — On lathes that do not have reversing gears 
D and D', use two idlers to cut a left thread. 
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232. To set up lathe for threading or screw cutting. Fig. 157. 



SCREW CUTTINO 



SCHEDULE OF OPERATIONS AND TOOLS. 



I. Place belt on step I, screw 
face plate 2 hard against shoulder. 

II. On blank 3, fasten dog 4 
and mark with chalk the place in 
face plate where dog is inserted. 
(Always return dog to marked 
slot or tool will not resume its 
cut.) 

III. Grind tool 5 to form of 
thread desired, U. S. S. or Sharp 
V, fasten tool in post 6, and set 
with gage, Figs. 149 and 150. 

IV. Feed tool in with handle 
7 until it touches work, put on 
thread stop 8 with screw 9 in 
slide 10. Bring stop S against 
shoulder of 9 and clamp with 
screw 11. 

V. Set footstock to allow |" 
travel of tool beyond work. 

VI. From index plate obtain 



VII, Select gear K for idler. 
Preferably a gear nearly the size 
of one of the change gears. 

VIII. Place stud gear F on 
stud E, lead-screw gear H on 6. 

IX. Place gear K on stud L, 
in radial arm M, oil stud. 

X. Adjust mesh of H and K 
and clamp in position. 

XI. Swing radial arm M, to 
mesh K with F and clamp with 
bolt N. 

XII. Be certain that . friction 
feed is out before throwing in 

XIII. Connect lead screw to 
carriage 13 by handle S operating 
split nut R. Place tin box under 
tool to catch chips and drippings. 
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PREPARATION OF BLANK AND NUT. 



233. To operate the lathe to cut the thread. 
SCHEDULE OP OPERATIONS. 



I. Puah shipper 14 toward 
headstock, adjust etop screw 9 and 
move tool 5 to trace a light line ; 
stop lathe before tool reaches 
end of thread. 

II. Finish length of thread by 
puUing belt by hand, the first 

III. Move tool out from work. 
Run carriage back. Ad just thread 
stop screw 9 to take cut. 

IV. Count threads, Fig. 158. 



Terminate cut by power by eas- 
ing tool out when about i revo. 
lution from end of cut, or point of 
tool will snap oS. 

V. Stop lathe and reverse im- 
mediately. 

VI. During return, lubricate 
work freely with lard oil and ad- 
just atop screw 9 for next cut. 

VII. Feed tool inward. 

VIII. StaM lathe forward and 
repeat. 



Fig. 158. — CouNTmn the Trace op a Thread. 



Attention. — The cutting speed for threading is about oae- 
half to two-thirds that used for turning. The feed must be 
Bufiicient to allow tool to cut, for if tool is allowed to travel in 
groove without cutting, it will burnish and harden sides of 
thread, so that on next cut the tool will be likely to dig in and 
tear the thread. 

Oilstone top face of tool just before taking last few light cuts. 

234. Numlwr of cuts for U. S. S. thread, 13 P. Take 8 cuts 
of .005' each, 2 cuts of .002" each, then 1 cut of .001'; clean, oil, 
and test in nut, and repeat until screw fits nut. Depth of 
thread when outside diameter is not reduced = .0499". 

235. Number of cuts for Sharp V thread, 13 P. Take 10 
cuts .005* each, 2 cuts .002* each, then 1 cut of .001"; clean, 
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114 PRINCIPUB OF MACHINE WORK. 

oil, and test in nut, and repeat until screw fits nut. Depth 
of thread when reduced gJ," in diameter = .0588*. 

236. To fit thread to nut. See §216. Take light cuts 
as the thread approaches size, and after each cut clean and 
oil thread and try nut on. If a close fit is required, cut thread 
until nut will go on easily with a wrench. This smooths down 
the burr, after which the nut may go on with the fingers. 
For a hard fit, force nut on with a wrench. For a loose fit, 
cut the thread until the nut will go on with the fingers. After 
thread is fitted, chamfer the end to the depth and angle of 
the thread and file tops of thread slightly to remove burr. 

237. To reset threading tool to resume cut. — If the tool 
is dull and thread is only partly cut, remove the tool, regrind 
and reset. If the end that receives the dog is eyhndrical, 
loosen the dog, and rotate the work until tool fits the groove. 
Refasten the dog and feed toot away from work, run the lathe 
forward a few revolutions, by hand, to take up backlash; now 
notice if tool and groove match; if they do not, repeat opera- 
tion. If end of work is square or hexagonal, as a bolt head, 
and driven by a clamp dog, disconnect lead screw from lathe 
spindle by revprsing lever in headstock, or by removing stud 
gear, then adjust work. 

238. To cut left threads. — Arrange gears as in cutting 
right threads, with the exception that the lead screw must 
rotate in opposite direction which is accomplished by the 
reversing gears D, D', Fig. 157, or by an extra idler. At 
beginning of thread, cut a groove in which to start tool, and 
begin at left and cut to right. 

239. To thread to shoulder or to tenninate coarse diread. 
Cut groove or drill hole of diameter and depth equal to depth 
and width of thread. See Figs. 397, 408. 

240. Fractional threads. — A fractional thread is one whose 
threads per inch are expressed by a mixed number, as 11 J 
threads to 1"; or a fraction, as J of a thread to 1" (IJ" P). 

To count fractional threads. — Take any number of threads 
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that will match with even inches on the rule, then divide the 
number of threads by the number of inches. 

241. To calculate simple gearing to cut fractional threads. 
— Proceed as for whole threads, 

Exam'^le. — To cut llj threads per inch (1* pipe tap). 
Lead screw 5 threads per iach; constant, 4; speed of stud 
same as speed of spindte. 

5X4 ^20 (gear on stud.) 
11 i X 4 ~ 46 (gear on lead screw.) 

242. Compound gearing. — To cut fine or coarse threads 
that are not obtainable with simple gearing, compound the 
gearing, using 4 gears, Fig. 159. 



Fig. 159. — Compound Gearing for Thrgading, — FofB Gears. 

To compound on some lathes, introduce between regular 
stud gear A and lead screw gear B two gears of different 
diameters, as C and D, which are feather keyed on a sleeve 
that runs freely on intermediate stud E, gear A driving gear C, 
and gear D driving gear B. The arrangement of gears ia 
shown in end view at A', C", D', and B'. 

243. To calculate compound gearing. — Factor first term 
into two fractions and treat each separately. 

Example. — To cut 60 threads per inch. 

Lead screw 6 threads per inch; speed of stud same as speed 
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of spindle; constant, select multiple of 5, the common differ- 
ence between gears. 

■ 6 2X3 2 X20 40 3 X 10 30 

button. gQ-g^i2' 5X20~100' 12X10~12o' 

Gear on stud A, 40; gear on lead screw B, 120; first gear on 
sleeve C, 100; second gear on sleeve D, 30. 

Attention. — If more convenient, exchange drivers A and 
C or driven C and B. 

244. To calculate compound gearing for fractional threads, 
proceed as for whole threads. 

ExamjAe. — To cut 2} threads per inch — |. 

Lead screw 2 threads per inch; speed of stud same as that 
of spindle; constant, multiple of 5. 



Solution. ■ 



2 8 2X4 
i~9~3 X3 

2 X 25 = 50 

3 X 25 - 75 



one pair of gears. 
other pair of gears. 



3 X 15 = 45 i 

Attention. — It often happens that one or more gears have 
to be made or bought. If the threads per inch are expressed 
decimally, as 2.833 threads per inch, proceed as before, select- 
ing such multiple as will ^ve available gears, using the nearest 
whole tooth in case of resulting fractional teeth. 

246. Result of gearing calculations may bfl checked as 
follows : 

For stud ratio one: Threads on screw to be cut X teeth 
of stud gear = threads on lead screw X teeth of lead-screw 
gear. 

For stud ratios other than one and for compound gearing: 
Threads on screw to be cut X teeth of all drivers in succession 
■= threads on lead screw X teeth of all followers in succession. 
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Example. — §228 13 X 25 =.5 X 65 = 325. 

Examine. — §229 13X1X96-8x2x78 = 1248. 

Example. — §244 60 X 1 X 40 X 30 =■ 6 X 1 X 100 
X 120 = 72,000. 

2i&. To calculate gearing for a given lead. — First ctiange 
to threads per inch by dividing one by the lead of screw to 
be out, and proceed as before. 

Example. — To cut screw 3' lead. 

Lead screw 2 threads per inch; speed of spindle same as 
speed of stud; constant, multiple of 5. 



Solution. — 



1 

r 

2 4 X 10 40 
i" 3 X 10 " 30' 

247. Compotmd gearing, ratio 2 to i, is provided on some 
lathes on an extra adjustable stud. In such cases, gears are 
selected as in simple gearing tor one-half or twice the desired 
pitch, and the 2 to 1 compound arranged to double the pitch 
or reduce it one-half. 

248. To calculate gearing for metric screw threads with an 
English lead screw. — Gear up lathe as for cutting a Sharp V 
screw' of the same number of threads per inch and use trans- 
lating gears. One centimeter equals approximately -^ of an 
inch. Provide lathe with pair of translating gears of 50 and 
127 teeth. Arrange lathe as in compound gearing, Fig. 159. 

Example. — To cut 13 threads to the centimeter. 
Lead screw 5 threads per inch; speed spindle same as stud; 
constant, multiple of 5. 

„ , . 5 X 5 25 (gear on stud). 

Solution. — — - = — , , , , 

13 X 5 65 (gear on lead screw). 

Place translating gears on feathered sleeve, meshing 50 with 
gear 65 and 127 with gear 25. A metric lead screw may be 
used for cutting English threads. 
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24d. — " Catching the thread " (threading mthout a back- 
ing belt). — A method to save time in cutting long screws, by 
the quick return of the tool carriage after each cut by hand. 
If the thread is the same as lead screw or a multiple of it, throw 
half-nuts out at the end of each cut, return carriage by hand, 
throw in half-nuts, and the tool will resume its cut. 

260. General method of " catching the thread." Fig. 160. 



Fia. 160. — Catching the Thread. 



SCHEDULE OF OPERATIONS. 



I. Stop tool A at end of cut B. 

II. Chalk tooth in lead screw 
gear which is oppoate comer 
bedC. 

III. Chalk tooth in headstock 
gear that coincides with front of 
headstock D. 

IV. Withdraw tool and run 
lathe back by hand or power 
until tool passes end of work. 

V. Run lathe forward to take 



up backlash and until chalked 
teeth C and D are in same poM- 

VI. Move footstock E to abut 
agwnat carriage F, and clamp. 

VII. Stop lathe each time tool 
is at end of thread, as at B. 

VIII. Throw out half-nuts, 
return carriage by hand until it 
abuts against footstock, and throw 
in half -nuts. 



Attention. — By watching chalk marks before throwing in 
half-nuts this method may be used without stopping lathe. 
Some lathes are provided with automatic thread stops. The 
tool cuts a groove at end of thread, after which lathe is stopped, 
half-nuts thrown out, and carriage moved along to a stop 
which is clamped on the bed. 
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U9 



261. Threading taper work. — Preferably use a taper at- 
tachment to cut a thread of correct pitch, as 'on pipe tap A, 
Fig. 161, as footstoek "set over" will produce a thread slightly 
finer. 




Fig. 161. — Sbttino Tool to Thread Taper Work. 

Set thread tool 90° to the axis of work as at B, not aa at C. 
Thread tool D with gage E against shank aa at F ia correct. 
2S2. Whitworth (English) Standard thread. Figs. 162, 163. 
— The tops and the bottoms of the 55° threads are rounded, 
J of pitch, as shown by divisions 1, 2, 3, etc. 



FiQ. 163. — Section Seowimq 

Pitch and Depth op 

Whitworth Tbbead. 

The single depth of a 1" pitch is equal to .64033, and the 
double depth 1.28066. For pitch P, depth = .64033 P = D. 
Double depth = 1.28066 P = 2 Z). 

I 
P =. pitch = - 



No. of threads to 1 inch 
R = radius = .1373 P. 
Root diameter = Outside diameter — double depth. 
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120 PRINCIPLES OF MACHINE WORK. 

Formula. — Root diameter = Outside diameter — 
1.28066 
No. of threads to 1 inch 

Example. — To find root diameter of a screw 1" diameter, 

8 threads to 1*. 

1.28066 

Solution. — 1 .8399. 

263. Table of WUtworth (English) Standard threads. 



DlAH- 


No. Thrbadb 


DlAM- 


No. Tbbeam 


DlAM- 


No. Threads 


SCREW. 


PER Inch. 


SCREW. 


PER Inch. 


SCREW. 


PER Inch. 


J 


20 


li 




3' 




3 




18 


li 




3 




3 
3 
3 


i 


16 
14 


'1 




3 

3 




i 


12 
12 


i' 




% 




3 
3 






2i 




i 


3 




11 


2 




*i 


2i 




10 


2 




a 


2J 




10 


2 
2 




*i 


2i 








5 


2* 






2 




6i 


2J 


1 






54 


2! 


4 




3 




5* 


2* 


li 




34 


H 


6 


2J 



2M. The Whitworth threading tool, Fig. 164. A tool of 
different size and shape is required for each pitch. It ia made 




Fia. 164. — Shape of Whitworth Threading Tool. 



similar to a formed cutter by milling. Grind the tool on top 
face A. Chasers and single point cutters and tool holders 
for Whitworth threads are obtainable. 
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BOLT Aim NUT BIAKIHG. 
266. The bolt and Dut-tnakiiig operations that follow apply 
to all work of this class, as bolts, studs, nuts, and screws. 



Fia. 166.— Turning Body op Bolt to Head. 
To turn up to head of bolt, slant tool to left as at F, Fig. 165, 
and clamp tool firmly in tool-post. 





To square under head, use right bent eide tool 0, Fig. 166, 
or left side tool H, Fig. 167. To drive from square or hexago- 
nal heads use clamp or square dog E, Fig. 165, and to drive 
from stem use lathe dog K, Fig. 167. 
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122 PRINCIPLES OF MACHINE WORK. 

266. Nut mandrels. — Nuts or similar pieces having tapped 
or threaded holes are screwed onto a threaded mandrel and 
rough and finish squared to thickness. In Fig. 168 nut B ia 
screwed on to mandrel A against equalizing collar C, squared 
with side tool D, reversed and squared to thickness. It is 
then placed onto a milling mandrel and the flats milled in a 
milling machine. After this it is replaced on regular nut 
mandrel, and side tool E set at 46°, as near as can be deter- 
mined by the eye, and the edge chamfered as at F to about 



Fig. 16S. — Squarino and Ceiaufering Nut. 

gij" on edge of flats for i" nuts and more or less for larger and 
smaller sizes, to give them a neat appearance, 

Instead of equalizing collar C, a plain collar G is often used, 
with one inside edge rounded to fit over filleted shoulder 
of mandrel. For ordinary work, nut mandrels are often 
recessed at shoulder and used without collars. Threaded 
mandrels, for work threaded while held in a chuck, as a 
face plate for a lathe or chuck, need no collar, as the work 
ia faced true with hole while held in chuck, and this true 
face is screwed against the shoulder on the mandrel. See 
Mandrels, §298. 
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BOLT AND NUT MAKING. 123 

257. Chamfering bolt head, nut, and screws, A clamp 
nut (spring or split nut), Fig, 169, is used to protect the 
thread and prevent dog from bruising it. 




Fio. 169. — Chamferinq and Forming Bolt Head and Point. 
SCHEDULE OF OPERATIONS AND TOOLS. 



Bolt Heads. 

1. Place clamp nut A on bolt B 
and fasten dog C with set screw D. 

2. Set side tool E at angle 
of 45°, estimated. 

3. Chamfer bolt head to remove 
comers and give neat appear- 
ance. 

Nuts. 
Mount nut on mandrel and 



chamfer same as 
E, F, Pig. 168. 



Set side tool F at angle of 30° 
and chamfer to depth of thread. 

To round end of screw G, use 
side tool H shaped into a forming 
tool. 



268. To make a clamp nut. A', Fig. 169. 



1. Drill, tap, square and turn 


flat L to receive set screw of 


piece of round carbon steel to 


dog. 


size. 


3. Harden and temper to a 


2. Slit at K and mill or file- 


spring temper. 



Attention. — To make an improvised clamp nut, slit a nut 
at a corner with a hack saw. 
A clamp nut and dog may be used to set or remove studs. 
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124 PEINCIPLE8 OF BIACHINE WORK. 

269. To make a finished bolt }" diameter. Fig. 170. 




-7- 

Fig. 170. — ScHKDtn^ Drawinq c 

SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 
RonoHiNo. Finish iNQ. 

Stock, machine-steei or wrought-iron forging, A'' laige. 
Mat-hine-steel or wroiigbt-iron hexagonal nut blank A" large. 
True live center, set dead center in accurate alinement. 
Lard oil mtty or may not be uaed in squaring and turning steel or 
wrought iron. 

Use carbon-steel cutting tools. See Exception, p. 59. 



Operations, 


Machines, Speeds, 
Feeds. 


Tools. 


Straighten and file ends flat. 


preaa. 


nie. cha'.k. 


Center, machine method, i', 

(1,) (3), straighten. 


Centering machine 
drill, 1700 R.P.M.: 
countersink, 6 
R.P.M.;StrMghten- 
ing press. 


A' drill, 60° counter- 
sink, lard oil. 


Mount on centers. Rough 
«iu»reto4A'+ A', (3),(«. 
Take as UtUe as posmble off, 
(3). See step method of 
squaring, $ 178. 


Engine lathe 12* to 
le*. 3d speed, or 
30 F.P.M. Hand 
feed. 


Regular and clamp 
dogs, side tool, SS" 
rake, calipers, rule. 


Recentert<>i', {5),{8). 


Speed lathe, drill 4th 
3d speed. 




Regrind and oilstone toot and 
finish square to 4^-, (7). (8). 


3d speed, or SO 
F.P.M. 


Side l^t, 35° rake, 
rule. 
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BOLT AND NUT MAKING. 



OPERATIONa. 



Rough turn to l* + A' W 
one or two outa. 

Rougti iquBre under head, (10). 



Regrind and oilstone tool, and 
finish turn to fit gage with 
allowBJice for filing, using cali- 
pers, mandrel and gage to ob- 

micrometer and allow .003* 
forfiUng. (11). Onecut. 



File to fit gage, running Gt, 
Oil work with machine or lard 
oil when testJng in gage. (13.) 

Chamfer point to 30°, (14). 



Grind threading tool to fit gage. 
and thread bolt to fit nut. 
Make cloae fit, see Screw Cut- 
ting, S ^^^> rechamfer point, 
Cl«), (")■ 

Mill head and nut to size J- -I- 
.003' for filing and polishing, 
(18), (1«. 



File and polish flats. See Eh- 
menltn/ Machini-Wcrk. Do 
not round comera, (S2), (33) . 



3d or 4th speed, or 60 
F.P.M, Fine power 
feed — 140 to I'. 



o la*, ; 



.r 4th 



speed, or 175 F.P.M. 

Engine lathe, 3d 
speed, or 30 F.P.M. 
Hand feed. 

Vise. 3d speed, oi 

30 F.P.M. Hand 

feed. . 
Engine lathe. Ist 

Bpeed,or20F.P.M. 

Arrange for 13 

threads. 

Milling machine. 3d 
or 4th speed. Back 

F.P.M. ' Medium 



Clamp dog, diamond- 
point tool, 3S° rake, 
calipers, rule. 

Left dde or bent 
right aide tool, cal- 
ipers, rule. 

Diamond-point tool , 
35" rake, calipers, }' 
mandrel, or 1' rxti- 



Left side or bent right 
»de tool, 35° rake, 
calipers, rule. 

S* or 10* mill bastard 
file, caUpers , )'at and- 
ard ring gage, oil. 



Side Uioi, 33° rake. 



i' X 13 U.S.S. tap, 
oil, nut mandrel, 
calipers, rule. 

Clamp dog, 13 pitch 
U.S.S. thread tool, 
center gage, thread 
calipers, rule, oil. 

Heading mills, index 
head and chuck, 
milting machine nut 
mandrel, oil, 1* mi- 

1' X 13 clamp nut, 
and nut mandrel, 
rule, side tool. 

8* or 10* hand -smooth 
file, nut mandrel, 
copper jaws, 90 em- 
eryclolii, lard oil. 
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CHAPTER X. 
CHUCKS. FACE PLATES. CHUCKING. REAHDIG. 

CHUCKS. 

260. The term chuck has a double meaning. First, it b 
the device used for holding work, drills or other tools. Second, 
it is the act of securing work in a holding device. 

Chucks are indispensable to a large class of work. 

261. Attaching chucks to machine spindles. — Drill and 
other small chucks are attached by a shank, one end fitting 
the chuck and the other the hole in spindle. Lathe chucks are 
usually attached by a threaded backing plate. 

262. Chuck jaws. — Three general kinds, Elg. 171: 

Drill jaws, for holding drills, rods, and similar pieces, also for 
holding hollow work by the inside. 

Lathe jaws, for lathe work of large diameter. 

Milling-machine jaws, used on milling machines. 

Reversible jaws. — The jaws of some chucks may b« 
reversed and used either as drill or lathe jaws. 




DRILL 


LATHE 


MILLING 


JAWS 


JAWS 


MACHINE 



FiQ, 171. — Chdck Jaws. Three Kinds. 



263. Classes of chucks. — Drill, independent, universal 
and combination, besides draw-in chucks. 
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CHUCKS. 127 

264. A drill chuck is used to hold drills and small 
work. 

265. An independent chuck, Fig. 172, is one ia which 
each jaw is moved independently with wrench. Chuck A 
consists of disk S screwed to spindle of headstock Q. Lathe 
jaws D, stepped to suit different diameters of work, slide in 
slots in disk B and are moved by screws E, E, operated by a 
special wrench. Concentric circles are marked on the face of 
some chucks to facilitate setting work. 



Fw. 172. — Independent Chock, Facing Disk. 

Attention. — Independent chucks are better adapted for 
rough work than universal chucks. 

266. To true up and hold work in an uidependent chuck. — 
Grip work tightly. Run lathe at a moderately high speed, 
rest hand on carriage and hold a piece of chalk to just 
touch work. Stop lathe, loosen jaw or jaws opposite part 
marked by chalk and set others in. Erase chalk mark and 
test again, continuing until work runs true, then set all jaws 
up hard. Fig. 172 shows also the operation of facing work F 
with cutting-in tool 0. 
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128 PRINCIPLES OF MACHINE WORK. 

267. A universal chuck, Fig. 173, is one whose jawa move 
to and from the center simultaneously and concentrically. 
Chuck A is screwed to spindle of headstock B. This is known 
aa a geared scroll chuck, and is made with either drill jaws, as 
shown, or lathe jaws. It consists of shell C, three bevel 
pinions E in mesh with an annular bevel gear, upon whose 
face is a scroll which engages jaws D. This chuck should be 
used for smooth work. 



Fig. 173. — Univbrsaij Chock. Tdrninq Sleeve. 

268. To true up and hold work in a universal chuck. — 
Place work in chuck, " set up " jaws by one pinion, run lathe 
and use chalk as before. If not true enough, loosen and 
turn work about one-quarter of a revolution; tighten pinion 
and test again; when right, tighten pinions hard. 

Fig. 173 also shows how a bushing is made from bar F. 
The bar is squared, then drilled and reamed by chucking 
method (see §§ 281,294), turned with tool G.andcut off with 
cutting-o£E tool. 
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CHUCKS. 129 

269. A combinatioii chuck, Fig. 174, is a chuck in which 
the jaws may be moved independently or simultaneously. 
When moved simultaneously, jaws may be set either con- 
centrically or eccentrically. Chuck A consists of shell B and 
jaws C moved by screws D. These screws mesh with thread 
on back of jaws, and carry pinions which can be placed in 
mesh with an annular bevel gear controlled by device on 
back of chuck. When in mesh, chuck is universal; out of 
mesh, each jaw can be moved independently. In Fig. 174 



Fig. 174. — Combination Chuck Holding an Eccbntbic. 

the jaws are set eccentric with annular out of mesh, then an- 
nular is thrown in mesh and the jaws are controlled as in a 
universal chuck. To make the chuck universally concentric, 
adjust each jaw to a circle on face of chuck and throw in 
annular. 

Attention. — Independent and combination chucks usually 
have a number of concentric circles cut on their faces to fa- 
cilitate setting the jaws true. 

270. Special chucks can be made or ordered from a manu- 
facturer. For some classes of work, jaws of special shape 
may be home-made to fit a regular chuck, 
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130 PRINCIPLES OF MACHINE WORK. 

271. Face plate jaws are obtainable which may be bolted 
to a face plate and used as a chuck. 

272. Draw-in (spring) chucks, or collets, Fig. 175, are used on 
toolmakers' and watchmakers' lathes and also on some engine 
and turret lathes to hold bare or rods, as BB'. The rod is 
passed through the spindle and accurately held by the chuck, 
and from the rod small screws, studs, bolts, etc., may be 
conveniently made without preliminary cutting off, centering, 
squaring, etc. 



Fig, 175. — Tdhning Rod Held in Dbaw-in Chock. 

The steep taper on the chuck fits the conical hole in end 
of spindle. The chuck is slitted a short distance at three 
equidistant points, and rotating wheel C, which operates a 
hollow shaft that passes through the spindle and makes a 
threaded connection to end of chuck, draws the chuck into 
its seat to grip the bar or rod. 

273. Care of chucks. — All chucks, 'and especially universal 
chucks, are short-hved for accurate work Unless used intelli- 
gently and properly cared for; they should be cleaned and 
oiled frequently. 
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274. Mounting and removing chucks. — Clean and oil 
thread of both chuck and spindle, remove live center and 
plug hole with clean waste. Hold chuck square against nose 
of spindle with right hand or arm and rotate lathe with 
left hand until the chuck comes against shoulder on spindle. 
Small chucks may be loosened by grasping one jaw with a 
monkey wrench and striking the handle a sharp blow with 
the hand; large chucks, by placing a block of wood between a 
jaw and the bed of lathe and rotating lathe backward (with 
back gears in) by hand. Arbor or shank chucks are inserted 
and removed the same as lathe centers. 

Atletition. —To avoid springing work held in a chuck, the 
jaws should be forced against the solid parts, if ccnvenient, 
as the arms of a pulley. 

In some cli^ses of light work, it is often necessary to 
loosen the jaws slightly before taking a finishing cut either 
when turning work held in a chuck or when boring or 
reaming. 



FACE PLATES. 



276. To hold work on 

clamped to a large face 
plate and machined more 
accurately and conven- 
iently than if held in a 
chuck. The work B is 
clamped to face plate A, 
Fig. 176, by clamps C 
and C and bolts D and 
D'. 

If a finished surface 
is to be clamped against 
a face plate or other fin- 
ished surface, insert a 
sheet of paper between 
to prevent slipping. 



face plate. — Some work can be 
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276. To clamp an engine crank to face plate, Fig. 177. — To 
face plate A crank B is bolted by bolts C and C and clamp 



Fig. 177. — Tbbting Location of Enqinb Cbank on Face Plate. 

D, in order to bore out hole E and turn and face hub F. 
Before clamping to face plate, plane the crank on its face 
and line out the holes, as at ff and /, Fig. 178. Describe 




Fig. 178. — Layino Odt Holes in Engine Ohank. 



circles of the required diameter around the cored holes the 
proper distance apart for the crank throw. To provide 
centers for circles, drive pieces of wood into holes to form 
bridges, as at ■/ and J'. Turn down the corners of a piece 
of tin, and drive it into the center of the bridge, as at K and 
K'. Rotate lathe by hand and move crank by rapping until 
circle is true to axis of rotation when tested with scriber L, 
Fig. 177, then clamp crank hard to face plate. 
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277. A counter weight to balance work is bolted to face 
plate at M in order to balance the eccentrically placed work 
and insure smooth running and accuracy. 

278. To hold work with an angle plate. — Angle plate A, 
Fig. 179, is a useful fixture for various machine tools. It 
is planed all over with the faces at right angles (90°). It 
is bolted to face plate B, and pillow block C is clamped to 



Flo. 179. — UsB OF Amqlb Fl&tb Claufed to Face Plate. 

inside surface by bolts D and D' and clamps E and E'. F is 
a counterbalance. Before boring, the pillow block has had 
its base planed and the cap fitted and screwed on. A circle 
of proper diameter is described around the cored hole and 
center punched. The angle plate and work must be adjusted 
until this circle runs true, after which hole G may be bored 
and reamed. 

279. The lathe axis indicator, shown at A in Fig. ISO, is 
used to test the axial truth of a center punch mark on work 
held in a chuck or bolted to a face plate such as the engine 
crank shaft center fixture B, which Is laid out and marked at 
C and D to be drilled, bored, and reamed exactly at these 
points. 
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134 PRINCIPLES OF MACHINE WORK. 

The fixture is bolted to the face plate with mark C approxi- 
mately central and counterbalance E opposite. The point of 
indicating needle F, which is pivoted in the universal joint G, 18 
placed in center mark C. 



As the lathe is rotated by band, the needle point at H will 
revolve in a circle, exaggerating the error at C. The fixture is 
moved by tapping until needle point H remains stationary, 
when the lathe is rotated. 

This indicator may be used to locate holes as well as center 
marks by first tightening nut K, which converts the universal 
into a single joint with a vertical movement, and then placing 
spherical head L upon point C, and using it against the upper 
wall of the hole. In this way the fixture may be used also 
to test the truth of a live center or a shaft turning on centers. 

Attention- — Paper is sometimes placed between the face 
plate and smooth work to prevent the work slipping. 

CHUCKING. 
280. A method of drilling and reaming. — In chucking, the 
drill is stationary, while the work rotates. In drilling, the drill 
rotates and the work is stationary. Boring is the enlarging 
of a hole with a boring tool, or boring bar. Chueking ia used 
where it would be impractical to drill. 
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281. Chucking with twist drill in engine tathe, Figs. 181 and 
182. 




Fig. 182, — Chdckinq Hole with Twist Driu.. 
SCHEDULE OF OPERATIONS AND TOOLS. 
Set dead center in approximate alinement. 
Drill, yiff" to ii" email. Hand reamer, standard size. 



' 1, Mount work A in indepen- 
dent chuck B, Pig. 181. 

2. True up work. See § 266. 

3. Cut cavity of same angle 
and diameter as drill, in center 
of work to atart drill true, with 
graver, right side tool or, prefer- 
ably, centering tool C, Fig. 181. 

4. Fasten dog E to shank of 
, twist drill D, Fig. 182. 

5. Place tool F in tool-post G. 



6. Hold F agmnst dog by long, 
feed handle with left hand, to 
prevent drill feeding away froni 
center H. 

7. Feed footstock spindle with 
right hand. 

8. Help carriage along with 
left hand. 

9. When drill breaks through 
hold it hard against dead center. 
To ream hole, see § 294. 
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136 PRINCIPLES OF MACHINE WORK. 

Attention. — Solid work, especially steel, is chucked with a 
two-lip twist drill. Three and foui^groove drills are used for 
cored work (castings) or to follow a two-groove drill. Smooth 
holes may be made with a drill riu" to g^" small and a hand 
reamer; but better results are obtained by also using a fluted 
chucking reamer .005" small before the hand reamer. See 
§297. 

282. Drill holder and steady rest, A, Fig. 183, is used with 
taper shank drills. Rest B and guide bushing C are used to 
center, steady, and guide three-groove twist drill D in work 
E which is a cored casting held in chuck F. Extra guide 
bushings are supplied to fit drills of different diameters. 



Fia. 183, — Chucking wtth Dkill Holder and Stbadt Rest. 

283. Flat chucking drills for chucking in an engine lathe, 
for eitTier cored holes or solid work, Fig. 184. Large counter- 



Fi(i. 184, —Flat Chucking Drill. 

sink A, Fig. 184, provides a firm bearing on dead center. 
End B is Z?" smaller in diameter than the chucking reamer. 
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Point CC is central and either thinned or grooved on 
both sides, as at D. To give the cutting lipa some rake, 
grooves may be ground above them, one of which is shown 



Fig. 185. — Gboovbd-Lip Flat CnncKiHQ Drill. 

at EE', Fig. 185. A better way is to twist the lips as at P and 
G, Fig. 186. 



^^ 



Fio. 186. — TwisTBD-Lip Flat Chuckinq Drill. 

284. Flat chucking reamers, Fig. 187. — The cutting edges 
are AB and CD. Head E is from .005" to .010" under size 
to allow for hand reaming. 



13 



Fio. 187. — Flat Chucking R&aubr. 

AUerUion. — Reamed holes have a very slight taper and the 
end the reamers enter is always the larger; therefore drill and 
ream work from the side into which the shaft is to be fitted. 

286. Chucking with a flat drill and chucking reamer in an 
engine lathe. Fig. 188. 
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PRINCIPLES OF MACHINE WORK. 



I'M. laK. — UHOCKINd rOLLET WITH FLAT DbILL. 

SCHEDULE OF OPERATIONS AND TOOLS. 
S3t dead center in approximate alinement. 



DriU, ■ 
DriUr 



_ _ " small. Chucking n 
Monkey wrench. Hand r 



er, standard aiae. 



1. Mount pulley A in inde- 
pendent chuck B. 

2. True up by inside of rim. 

3. Clamp drill holder C in post 
E to tool block F. 

4. Set holder with dead center 
H' exactly in middle of slot as 
at G and with drill approximately 
central nsC, D'. 

5. Set holder near work as at 
C", A'. 

6. Place point of drill central 
against hub A'. 

7. Place dead center H in other 

8. Pull wrench K forward to 
pinch drill in slot. 

9. Start lathe at speed for 
twist drills. 

10. Feed spindle until drill cuts 
half the deptn of its point. 

11. Remove wrench. Feed 
drill rapidly. 



12. Hold drill back on dead 
center with left hand, when point 
breaks through, 

13. Stop lathe when through. . 

14. Place flat chucking reamer 
in slot aa in operation 4. 

15. Hold with wrench until 
reamer is started. When through 
stop lathe. To ream hole, see 
§§ 289, 293, 294. 

Attention. — If slot in holder is 
not at height of dead center, the 
drill or reamer will cut lat^ and 
may spoil work. If drill moves 
side wise when starting, replace 
wrench and repeat. Drill must 
cut true before reaching full diam- 
eter. For large holes or cored 
holes, use two or three flat drills 
of increasing diameters. 
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REAMING. 

286. Reamers are used for sizing, smoothing, and standard- 
izing straight and taper holes. See Taper Reamers, §297, and 
Advanced Machine Work. 

There are two general classes: chucking or roughing ream- 
ers, used in a machine, and finishing reamers, used by hand or 
power. The usual amount for the iinUbing reamers to cut 
is .005' to A" for cast iron, and .005' to .010* for steel and 
brass. 

287. Irregularly spaced teeth. — To prevent chattering, 
reamer teeth or blades are spaced progressively wider as in 
Fig. 189, A to 1 to the right, and from 1 to A to the left. 

The clearance G is given the teeth or knds to relieve the 
cutting edge* The point of a hand reamer is slightly tapered 
a distance equal to its diameter, to enter the hole. The shank, 
//, Fig. 191, is ground ,001" small, to prevent binding in hole. 





Fig. 189. — Teeth or Hand 
Reamer lRREonLAEU.T 

Spaced. 



Fig. 190. — Teeth of Hand 
Reamer with Negative 



238. To ream brass, the face of teeth is inclined 20° back 
of radial (negative rake) to prevent chattering, as in Fig. 190. 
See Broaching, Advanced Machine Work. 

Attention. — Cast iron and brass are reamed dry; steel and 
wrought iron with oil. 

. Warning. . — To ream thin work in a vise use a jig similarly 
constructed to the tapping jig, § 528. To ream thin work in 
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a vise mtkout a jig and also without chattering and spoiling 
the work, the length of hole should be about twice the diameter 
of the reamer. See § 293. 




. 191. — Reaming in Vise. 
289. Hand reaming work held in vise. Fig. 191. 



SCHEDULE OF OPERATIONS AND TOOLS. 
Hole in flange casting drilled or drilled and reamed .005" to ^" small. 



1. Chuck work B in ei^ne 
lathe then fasten finnly in vise C. 

2. Place adjustable reamer 
wrench D on square end of 
reamer A and fasten ^th thumb 
screw £. 



3. Rotate wrench rapidly in 
direction of arrow F and at same 
time press downward in direction 
of arrow G, continue rotating and 
pressing downward until reamer 
passes clear through the casting. 



Attention. — Hand reamers should never be rotated back- 
ward, as it quickly destroys their cutting edges, and they should 
be used vertically when the nature of the work will permit. 

Note. — Before placing reamer in hole, see that there are no 
bu-'rs on shank H, which would be likely to scratch the reamed 
surface as the reamer is passed through the hole. 
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290. To ream a hole by liand in a vertical drilling macbine, 
Fig. 192. 




^ 



Fig. 192. — Hand Rbaminq in a Vbrticai DniLLiNa Machine. 



SCHEDULE OF OPERATIONS AND TOOLS. 
Hole in work drilled .005* to ^'j* small. 



1. Place drill in socket and the 
socket in spindle. 

2. Unclamp table at swivel and 
column. 

3. Adjust table until drill will 
pass down through any con- 
venient hole and re el amp. 

4. Clamp block A to table B 



with clamps, bolts, and st«p 
blocks C, C. 

5. Drill hole with reamer drill. 
See Accurate Drilling, §§462-470. 

6. Insert center D and place 
wrench E and reamer F in place. 

7. Rotate reamer in direction 
of arrow, following with center D. 



891. Adjustable reamers. — A, Fig. 193, may be adjusted 
to compensate for wear and to ream special-size boles. 

292. Reaming stand B, Fig. 193, is more convenient tban 
a vise. It consists of an independent chuck C, supported 
by column D. The work E is firmly gripped in the jaws F 
by operating the handle G. 
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Fig. 193. — Hand Reaming in Reaming Stand. 



293. To ream work by hand in the lathe with a hand reamer, 
Fig. 194. 



Fio. 194. — Reauing in Lathe by Hand. 
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SCHEDULE OF OPERATIONS AND TOOLS. 

Hole in blank drilled or bored .005" to j'j" small. 
Set dead center in approximate alinement. 



1. Place reamer A in drilled 
or bored hole in work B held in 
chuck C. 



2. Place arm of wrench D 
against tool block E. 

3. Pull belt downward and 
follow with dead center. 



Attention. — Carefully follow reamer with dead center to 
prevent spoiling reamer and work. 

On thick work, atart hand reamer in above manner in lathe, 
and then take both work and reamer to reaming stand or 
vise for finishing. See § 289. 

294. Fluted chucking reamer, Fig. 195, is obtainable in 
standard sizes or .005* small, to be followed by standard 
hand reamer. This class of reamers has its points always 
beveled, and some points are slightly tapered the same as en 
hand reamers. Chucking reamers are also obtainable with 
taper shanks to fit drill sockets. 

296. To ream in lathe by power with fluted chucking reamer, 
Fig. 195. — Fasten dog D to shank of reamer A and insert 
reamers in drilled hole of work B, held in chuck C, allowing 
dog D to rest on tool block E. 



Fig. 195. — Reaming Gear Blank in Lathe by Power. 
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SCHEDXJLE OF OPERATIONS AND TOOLS. 

Hole in casting drilled -lixt" t« V?" small- 
Set dead center in approximate alioement. 



1. Place reamer A in drilled 
hole in work B held in chuck C- 
Fasten dog D to shank of reamer 
and rest on tool block E. 

2. Fasten tool F in post G and 
adjjst to prevent reamer drawing 
off dead center. 



3, Use power and help carriage 
along by hand. Use about two- 
tlurda the speed recommended 
for twist drills of same diameter. 

To hand ream, see § 293. 



296. Rose chucking reamer, Fig. 196, is made with either 
straight or helical flutes, with cutting teeth on end only. It 
will not produce as smooth a hole as a hand or Suted chuck- 
ing reamer and is not used when a smooth hole ia required. 
See § 295. It is obtainable in standard sizes and also with 
taper shank to fit drill sockets. 



Fia 196. — Reaming Ft-ANoB Castinq by Powhb in Lathe, 



297. Broach reamers for small taper pins. — Collars, A , and 
similar work are often fastened to shafts by drilling, ream- 
ing, B, and pinning, C, Fig. 197. 

Broach reamers may be supplied with a handle, as at E, 
and used by hand to enlarge holes and to remove burrs. They 
are obtainable in tapers of i" and ^5" per foot, and in sizes 
from No. 1 to No. 70 (drill and wire gage sizes). Taper pin 
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fluted reamers and taper pins having a taper of J* per foot are 
used for pinniag or doweling, and are obtainable in sizes from 
i' to li*. Each reamer overlaps the next smaller size. 



W 



Attention. — To avoid breaking taper reamers, feed slowly, 
oil freely, and withdraw frequently to remove cliips. 
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CHAPTER XI. 

HAHDRELS OR ARBORS. MANDREL MAKING. TURNING AND 

FINISHING FLANGES. TURNING AND FINISHING 

PULLEYS. POLISHING LATHE WORK. 

MANDRELS OR ARBORS. 

298. A mandrel, often called an arbor, is pressed, driven, or 
threaded into work to provide centers so that it may be 
machined. 

An arbor is a shaft used to carry a cutting tool, as a mill- 
ing machine arbor, a saw arbor, etc. 

Three classes of mandrels are used: solid, expanding, and 
buill^up. See Nut Mandrel, § 256. 

299. Standard solid mandrel, AB, Fig. 19$, is made of 



^ 



M 



Fio. 198. — Mandrel ob Arbor. 



tool steel, hardened and ground. See Table of Mandrels, 
S 652. The size Js stamped at large end, as at C. A portion 



Fig. 199. — Section of Mandrel End. 

of each end is reduced and flattened to receive the driving dog. 
The ends are recessed as at D, Fig, 199, around the counter- 
sinks to protect them from injury. 
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300. Expanding mandrel. — fig. 200 consists of shaft A 
having uniformly tapered slots as at B. Sleeve C guides ta- 
pered jaws i)(see D') while they are being adjustedto the work 
by the sliding of the shaft A. 



Fio. 200. — ExPAMDtNQ Mandrel. 
301. Bridges in hollow castings A, Elg. 201, are often cast 
across the ends as at B, to provide for center holes. 



Fia. 201. — Beidgb in Hollow Casting fob Cbnt&b Hole, 

302. Revolving dead center for pipe turning. — To square 

or turn small pipe, mount upon ordinary lathe centers. For 

large pipe or cored work, a special large dead center is needed. 




Fig. 202. — Revolvibo Dead Center for Pipe Turning. 



preferably one that will revolve as at A, Fig. 202, in which 
cone B revolves upon shank C. A solid live center or chuck 
may be used at other end. 

303. Built-up and special mandrels, — To face the ends of 
small engine cyhndersor similar work, a built-up mandrel is used. 
See Advanced Machine Work. To face the ends of a piece of pipe 



bv Google 



148 



PRINCIPLES OF MACHINE WORK. 



or cored work, make a mandrel by driUing and tapping three 
or four holes around each end of a stiff shaft and inserting 
adjusting screws to bear against the inside of work. 

For large shells, tubes, etc., castings called " spiders " are 
used consisting of arms projecting from a hub, each arm 
supphed with a screw to bear against the work, and the hub 
euppUed with set screws to fasten spider to mandrel. 

A special mandrel may be made of any suitable piece of 
stock by centering, turning, and filing to fit the hole. 

304. Soft hammers for driving mandrels into work are made 
of lead or rawhide. A steel hammer should never be used 
without protecting work with a block of wood, copper, or lead. 

Attention. — Molds are obtainable for molding lead hammers. 

305. Mandrel or arbor block. — Fig. 203 shows the relative 
position of block A, mandrel B, work C, and soft hammer D 
when driving a mandrel into the work. 





306. Mandrel or arbor press, A, Fig. 204, is used to press man- 
drel B into work C by forcing spindle D against the mandrel with 
handle E. Pointer F may be set to adjust mandrel for dupli- 
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cate pieces. The press may be bolted to a lathe aa at G, or 
mounted on a stand. It may be used abo for forcing fits. 

307. Center mandrel for bottom holes. — Mandrels made to 
&t the hole in the live spindle of a lathe are used to hold caps, 
oil cups, bottom or blind nuts and similar work that must be 
machined. The projecting end is turned either to a slight 
taper to receive work with a plain hole, or threaded to bold 
threaded pieces . 

308. Studs for drivii^ large work instead of dog. — Work 
of large diameter, as a large pulley, may be driven by its arms 
with one or more studs fastened to the face plate of lathe. 

Attention. — Oil mandrel before pressing or driving it into 
work. Take light cuts when using small mandrels to avoid 
springing of mandrel and chattering, producing irregular tool 
marks. 

MANDEEL MAKING. 

309. To make a standard lathe mandrel, Fig. 205, involves 
practice in squaring, turning, milling, hardening, tempering, 
and cylindrical grinding. 

If not equipped with cyUndrical grinding machine, harden 
and temper ends only, turn body slightly taper and file to fit 
standard hole. 




310. To prepare ^ standard mandrel blank for hardening, 
tempering, and grinding, Fig. 205. __ 
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150 PRINCTPLES OF MACHINE WORK. 

SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Stock, annealed carbon steel xV large. 

True live center. Set dead center in approximate alinemeot. 

Machine dry or use lard oil. 

Use high-^ed steel cutting tools. See Exception, p. 59. 



Center lo A'< <!)• <")■ See 



^' drill, or combina- 
tion drill and coun~ 
tereink, W. Lard 



Engine lathe 12* to 
16', 2d or 3d speed, 
or35F.P.M. Hond 



Dog, aide tool, 30° 
r^e, or holder and 
cutter,cslipers,rule . 



Resenterto A', U). (8)- 
Finish, square to length, (3), 



square shoulders but leave 
fillets as shown to avoid 
craoking in hardening. 



Heoenter to A*. Wi <2)- 



<]ngine lathe, 3d t 
4th speed, or S 
F. P. M. 



Drill, countersink. 



Copper under set 
screw of dog, dia- 
mond-point tool, 
or holder and cut- 
ter, 30° rake, cali- 
pers, rule. 

Side tool or special 
countersink. See 
Fig. 23. Lard oil. 



Bmootb turn body to £Sty. 
Turn half of length and re- 
veise (9), one or two cuts. 



Engine lathe, 3d t 
4th speed, or f 
F.P.M. Finepow. 
feed — 140 to 1'. 

2d or 3d speed, or f 
F. P. M. Medium 
power feed — 8i 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 
Concluded. 



OPEIttTIONS. 


Machines, Spkedh, 
Feem. 


TOOLB. 


Round comers, (10), Cll)- 


Speed lathe, 3d or 4th 
^ieed,or200F.P3I. 


Graver. 


F\\e reduced portioni. 


3d or 4th speed, or 


8' or 10* mill bastard 




175 F.P.M. 


file. 


Polish reduced portion, also 


highest speed. 


Lard oil, 90 and 120 






emery cloth, pol- 


coimlerainkB, (fi), (e). See 




isliing stick. 


a 310-322. 






MiU OT ffle and polish flats, 


Milling machine, 3d 


To miH, use milling 


(IS). (13). 




machine vise, par- 




erfeed. 


allel piece, 1* end 
mill, rule, lead ham- 
mer, oil. To file, 
use 8' or ID" hand 
smooth and 5' half- 
round, 2d cut files. 
To poliih, use oU. 






90 and 120 emery 
cloth. 




Tue. 


jV' steel flgurea, i' 


file flat and stamp siie at 




cliisel, hammer. 


(C). 




copper jaws. 


Stamp name or initials (15). 
Harden (test with file), leave 




Steel name stamp. 
Tongs, water, brine. 


Gas furnace or forge. 


ends black, or polish and 


. speed Uthe. Oil, 


or sperm oil, oily 


temper ends to dark straw. 






See Elements of Machine 




file, red-hot iron 


Work. 




rings or oil, tem- 
per. 


To Up center holes, see Atten- 






tion be]^w. 






To grind, sees 422. 







Attention. — The hMid tools may be carbon ateel. 

See Table of Mandrels, § 657. 

Note. — For very accurate work, center holes in mandrela are 
lapped smooth and true before grinding, but this process is often 
omitted on mandrels for general work. To make a lap, hold a piece of 
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i" copper rod in chuck of speed lathe and turn with graver or planiaher 
to 60°. Test with center gage. Chai^ lap with 120-grain emery and 
oil. Mount mandrel on dead center and on lap. Run lathe at 
highest speed, revolve mandrel slowly backward, and relieve dead 
center occasionally. 

For further information on Lapping, see Advanced Machine Work. 

TURNING AND FINISHING FLANGES. 

311. To clamp carriage to face large work in engine lathe. — 
Feed tool to its cut by hand, then clamp carriage with bind- 
ing screw and use power cross feed. 

In the absence of power cross feed and clamp, throw feed 
belt off or feed gears out of raeah. Hun tool close to work, 
tighten long, feed friction knob, revolve feed shaft by hand 
until tool takes required cut and then feed tool inward or 
outward with hand c 




Fig. 206. — Rough Facing Flange. 



312. To rough turn face of cast-iron flange, Fig. 206. — 

Use round-nose tool A for roughing flange B on mandrel C. 
Fasten tool in post D, and clamp carriage. Feed in direction 
of arrow E to outer edge of fillet. 



bv Google 



TURNING AND FINISHING FLANGES. 



313. To finish and scrape face of cast-iron flange, Pig. 207, 
to prepare for polishing. — Take light finishing cuts with 




Fra. 207. — Finish Facino Flanob. 
facing tool A ground to 60°, as at C and D, at medium high 
speed. Grind and oilatone top face of tool. Set it to drag a 
Uttle as at B and feed in direction of arrow F. Use scraper 



i.EB3i 



Fia. 208. — ScKAPiNo Radial Face of Flange. 

A, Fig. 208, with cutting edge C D ground straight, or slightly 
convex, at medium speed. Hold scraper on rest E and move 
in direction of F with point dragging a httle as at G. A piece 
of leather placed under scraper will often prevent chattering. 
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314. To scrape inside rounds or fillets to the desired curva- 
ture, first shape with a round-nose lathe tool. Then use a 
round-nose hand tool, A, Fig. 
209, to prepare filleted comer of 
flange B for polishing. C and 
D show point and clearance of 
tool. To avoid chattering, cur- 
vature of end E should be 
greater than that of fillet for 
clearance and the tool should be 
held firmly on rest. A round 
or half-round file is sometimes 
used to smooth a fillet. 

„ ,!„ „ _ Attention. — Cylindrical sur- 

Fia, 209. — ScRAFiNQ Fillet in ■' 

Fluioe. f*c^ ^^ mon easily prepared 

for poUshing than radial and 

curved surfaces. On small work a Ught finishing cut is taken 

with a fine feed, and on very large work a hght finishing cut is 




Fig. 210. — Schedule Drawinq of HAKQia a Cast-iron Flamqb. 



taken with a broad-nose tool and a coarse feed, and the surfaces 
filed to erase the tool marks. 
316. To make a cast-iron flange finished all over, Fig. 210. 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOI& 
Stock, iron casting I' Iftrge. 

True live center. Set dead center in iq^roximate alinement. 
Use h^fa-epeed steel cutting tools. See Exception, p. 59. 



OrERATima. 



ILlCHIIIES, Fkbdb, 



&iaig CAating. Vomit in ^ack 
•ad adjoat until hub nma 
true. Drill and nxigb ream 
hrfe, (1), (8). 



Oil mandid and pretB hit 



reamed. See 1 1 305, 306. , 
HooDt on caitera aod 
Tou^ tnm A' oTETHiie, 
(4), («)■ 

Rou^ face, (S) : (eed inward; ; 
rou^BUet, (7); nnigh face, 
(8); reverae work on cen- I 
tera, then rough (9). 

Flnilfa tmn, (10), (tl). 



Engine lathe, 12* to FDe, indepeDdest 
le*. 2dor3dspeed, chuck, chalk. driU 

orllSIUPJtHand rest, flat drill. H*. 






Haudrd pma. En- I* mandrel, bolder 

gine lathe. 4tb i and cutler or dia- 

speed. Back gears , mond-poiut tool, 

m, or 35 P. P. H. 15° rake, calipers. 

Medium power feed rule. 



4th speed. Back.ge>ra 
in. or 35 FJ-J*. 
Hand or medium 
1 power feed. 

I 3dor4thEpeed. Back 
gears in, or £0 

] FJJI. Fine power 
feed — 140 to 1*. 



FUe, (10). (11). 



Finish face with cuts .002* 
JXS'deepand 



(12)- 
Finish face and scrape, (13). 

Finish face and scrape, (14). 

Finish (do not scrape or pol- 
ish), (15). 

Cut recess -fj' deep. Set side 
tool at 46°, feed outward, 
(16). 



d speed, or 60F.PJI. 



3dspeed,or50F.FJf. 
Hand or medium 
power feed — 80 to 



Round-Dose tool or 
holder and cutter. 
15° rake. 



lolder and cutter or 
diamond-point tool. 
15° take, raUpers, 



Faeiiig tool , flat scrap- 



PRINCIPLES OF MACHINE WORK. 



2-8piDdle drilling ir 
chine. Drill 600 
R. P. M. Po 
reiuaer. 400R.F.M. 

Hand feed. 



Cut keyway central, (18). 



Attention. — Fmlahing cuts 10 and 15 may be omitted until flange is 
keyed to its shaft. The hole may be chucked with a fl" twiat drill 
or, if cored, with a three or four-groove drill, and hand reamed 
(1), (3). The hand tools may be carbon steel. 

Note. — Bushings, collars and step pulleys or any other work ' 
mounted on a mandrel, with one, two, or more diameters, are machined 
in the same general manner as the flange in Fig. 210. 

TURNING AND FINISHING PULLEYS. 

316. The taper or crowning on the face of pulleys, ranges 
from i"per foot forlarge pulleys to J" per foot forsmall pulleys. 
Tapered-face pulleys are made commercially in a pulley lathe 
with two cutting tools operating at same time, — one on the 
front, the other on the back of machine, or in turret lathes 
with special tools. ■ 

The face of the pulley is often crowned in a forming lathe 
or ground in special grinding machines from the rough casting. 
The hubs of pulleys used in combination, as tight and loose 
pulley mechanism, are squared. 

Pulley A, Fig. 211, is turned in an engine lathe. The rim 
is faced as at B. The face is tapered as at C. The rim may 
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be chamfered as at D, or rounded with a right-and-left form- 
ing tool aa at E, E'. 

The set-over of/ootstock for ordinary tapers is forward, as at 
A, Fig. 212, and for pulleys it is backward aa at B. 



I 1 HOUKD 
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158 PRINCIPLES OF MACHINE WORK. 

317. To make a pulley 5' in diameter. 



Fig. 213. — ScHEDUiE Drawing. 
SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Stock, pulley casting. Surfaces to be fiiiiahed tV" large. 
True live center. Set dead center in approximate alinement. 

Use high-speed steel cutting tools. See Exeeptum, p. 59. 



Operations. 



!B, Sfebds, 



Tooia. 



Eagine lathe, 12* to 
16'. 3d speed, or 
400 B.P.M. Hand 
feed. 



File, chuck, chalk, 
lathe centering tool, 
If twist drill, dog, 
chucking reamer, 
.005*, small. 

^' standard hand 



Oil mandrel and press into 
hole. See if 305, 306. 
Mount on centers and rough 



Mandrel press. En- 
gine lathe, 3d or 
4th speed, back 
gears in, or 35 
F, P. M. Mpdium 
power teed — 80 to 



Dog, standard man- 
drel holder and cut- 
ter or diamond- 
point tool, 15° rake, 
calipers, rxile. 



TURNING AND FINISHING PULLEYS. 



Rough square edges of rim to 
ir+ A'. (5), (8). Take 
equ^ cuts from each aide. 



3d or 4th speed, back 



Regrind tool, Gnish square 
edges to width, (l), (9). 
Take equal Guta each aide. 



(»)■ 

Set footstock back to turn 
taper of }' per foot (^' 
for &i between centers) and 
set tool to touch tine (9), 
and feed toward headstock. 
Reverse pulley, reset tool 
and repeat, (10), <ll). 

Chamfer at 45° in^de comers 
of rim, or round with form- 
ing tool, (12), (13). 



d or 4th speed, back 
gears in, or 
F.P.M. Fine power 



id speed, back gears 
in, or 25 F.P.M., 
hand feed. 



Side tool, 1S° rake. 



Drill and tap liole for 
screw, insert J" X i" rou 
point set screw, (sa). 



Paint unflniahed parta. 



Speed lathe, highest 



Vertical drilling r 
chine, 3d speed, 
hand feed. 'Hltmg 



0, 90, 120 emery 
cloth, yolishii^ 



Steel name atamp, 
hammer. 

Special black paint. 



Attention. — Power chucking reamer may be omitted, as a good 
hok may be obtained with a drill and hand reamer. 

When possible, place arms of pulley opposite chuck jaws. The hand 
tools may be carbon steel. 
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160 PRINCIPLES OF MACHINE WORK. 

318. To locate set screws, Fig, 213. — If the bosa is central 
as at A, drill body hole D in rim through which to tap hole A, 
and use a cup or round-pointed set screw. Where the boss is 
flat as at fi and placed at one side, drill a body hole through 
rim E. If a body hole through rim is objectionable, hold 
pulley in a tilting vise or fixture and drill and tap hole at 
angle, as at C. 

In large pulleys use two set screws or key. 

POLISHING LATHE WORK. 

319. Use a speed lathe for polishing but never an en^ne 

lathe when it can be avoided, as the gritty apatterings injure its 
bearing. Make exception only to work machined in a chuck 
of an engine lathe which must be polished before it is removed. 

An effective polishing speed for emery, alundum, or car- 
borundum cloth is between 5000 and 6000 F.P.M.; that is, a 
surface speed of about a mile a minute (5280 feet). 

It is not always possible to obtain this high speed, as speed 
lathes are usually belted for a great variety of work, as drilling, 
hand turning, etc., and their highest speed will not ^ve the 
maximum polishing speed for small work. 

On work that is unbalanced, it is not desirable, and often 
dangerous, to polish at the maximum speed, as it will shake 
the lathe and the work may fly off the centers. It is best to 
use as high a speed as the nature of the work will permit, since 
the polishing can then be done with less labor and with leas 
tendency to destroy the truth of the work. 

320. Order of applying different numbers of emery cloth. — 
If the work is carefully finished, limited application of 60 
and 90 will produce an effective polish; and if the work ia 
finished extra fine, 90 will be sufficient. If a more brilliant 
polish is desired, use 120 and flour. For large work not given 
a fine finish it may be necessary to begin with 46 or 54. 

Apply 60 emery first with hard pressure until all tool 
marks and scratches are removed and the pores in the metal 
have nearly disappeared. Then apply 90 emery with lighter 
pressure until ail evidence of 60 is removed. If on applying 
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90, tool marks, deep scratches, or large pores appear, returo 
at once to 60 emery. Foliow this method in applying succes- 
sive grades of emery. 

Use lard oil on the emery cloth or work, distributing it with 
the fingers. 

321. To polish flange, Fig. 214. — Oil speed lathe and shift 
belt to highest speed. Press mandrel in flange A, which has 
been carefully finished by turning, filing, and scraping. Fasten 
dog on mandrel. Mount and adjust on centers. Wrap a 
strip of No. 60 emery cloth B around end of wedge-shaped soft- 
pine stick C. Drop a httle oil on emery cloth or flange and 
distribute with fingers. Start lathe and pivot stick on rest D 
which should be clamped from 2" to 2^" from the work. 

Keep emery moving back and forth slowly along the work 
so that the marks will cross and recross each other, to avoid 
cutting grooves. Grades 60 and 90 will produce a good pol- 
ish on a flange. 

To polish radial face of flange, clamp rest D parallel to face 
and from 2" to 2^" distant. Apply emery cloth in same order 



Fm. 214. — Pous&iNo A Flange in Speed Lathe. 

as on hub. Keep emery moving slowly, advance and recede in 
short strokes toward the center to avoid cutting grooves, then 
recede in the same order. To polish the fillet, move emery 
cloth back and forth in short strokes following the curve. 

UyilizKhv Google 



162 PRINCIPLES OF MACHINE WORK. 

322. To polish a shaft with wood polishing damp, AA' 
(Fig. 215), hinged by leather at end. — Oil speed lathe and shift 
belt to highest speed. Place dog on shaft with copper under 
set screw, and mount shaft on centers. Drop a little oil on 
emery cloth or shaft and distribute with the fingers. Wrap 



Fig. 215. — Polishing a Shaft in Speed Lathe, 

emery cloth B around shaft C in one fold only, and hold end 
as at D, to prevent it from winding around shaft. Apply 
pressure with the left hand, and with the right move clamp 
back and forth in short strokes along shaft so that the marks 
will cross and recross each other. Move clamp continuously 
when in contact with revolving work, otherwise emery will cut 
grooves. Grades 60 and 90 will produce a good polish on a 
shaft. 

323. To polish brass and copper, use a finer emery cloth than 
for steel or iron, as the material is softer. Start with a No. 90, 
continue with No. 120 flour, and crocus cloth. If a more 
brilliant luster is desired, the work may be buffed. 

For Polishing and Buffing with Wheels and Belts, and 
Lacquering, see Advanced Machine Work. 
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Attention. — Use oil sparingly to avoid excessive spatter- 
ing. Do not allow the emery cloth to slip off the edge of 
work as it will round the corners. Adjust mandrel, or work 
freely on centers, and occasionally loosen and oil dead center, 
aa the heat generated will expand the work or mandrel and 
bum off the dead center. 

To lay lines uniformly after work is polished, moisten a 
piece of worn emery cloth of fine grade with oil (or oil the 
work, distributing it with the fingers) and move the emery 
cloth slowly along the work. 
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CHAPTER XII. 

HARD TDRItlRG. MAKING MACHINE HANDLES. DRILLIRG, 

TAPPING, AND HAND THREADING IN SPEED LATHE. 

SPRING WINDING. 

HAND TURNING. 

324. Hand turning tools such as the graver, round-nose tool, 
etc., are forged from J" to f" square, hexagonal, and round, 
carbon steel, hardened and tempered the same as engine lathe 
tools (see Elements of Machine Work), and generally used in a 
speed lathe. See § 2a. 

325. Cutting speeds and angles for band tools. — The 
cutting speed for steel, wrought iron and cast iron is greater 
than that for engine lathe cutting tools, — from 150 F.P.M. to 
225 F.P.M., — as the cuts are lighter and not so continuous. 
See Hand Tools for Brass Finishing, 1 341. The cutting 
angle and clearance are obtained both by grinding and by 
the manner in which tool is presented to work, the latter de- 
pending somewhat on the height of Tee rest. 

326. Methods of holding work in speed lathe depend on the 
shape of the work: first, by centering and mounting work 
upon the centers; second, by holding in chuck; third, by 
holding one end in chuck and centering projecting end, using 
dead center to steady work. Small work of curved outline, 
except chuck work, can be more rapidly finished in a speed 
lathe. 

Ail metals are hand turned without a lubricant. 

327. The Tee rest is used to support the tool, and should be 
placed from J" to f " from work, depending on kind of tool used. 
With a few exceptions, the cutting edge of tool should be the 
same height as the lathe centers. 

328. The graver, Fig. 216, except for inside rounds, is the 
most useful hand turning tool for both roughing and finishing. 

164 
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The cutting edges are AB and A'B. They are obtained by 
grinding B'C to an angle of about 50° with the body of the 
tool. 

Attention. — On account of the keen cutting angle of the 
graver, care should be taken when using it on brass. See 
§341. 



eras 



Fia, 216. — Graver or Dumond-Point Hand Tool, 



329. To rough turn cylindrical surfaces with graver, Fig. 217. 
— Work D is mounted on centers. Graver F is held on the 
rest horizontally, to turn cast iron. For steel, wrought iron, 
or copper, the handle is lowered to give it rake. To bring tool 




Fra. 217. — RouoH TuRNiNo 



Speed Lathe. 



to its cut, elevate handle. To rough turn work, pivot graver 
upon rest, move point from right to left parallel to work. 
Test work frequently with calipers. See Slide Rest, I 352. 

330. To finish turn cylindrical work with graver, Fig. 218. — 
Press graver G hard on rest H with edge nearly parallel to 
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work ao that it will drag, carry finishing cut toward head- 
stock, or vice ^ 




Fio. 218. — Finish TcBNiNQ with Graver. 
331. Step method of squaring with graver, Fig. 219. — A 
number of short cuts are taken on work J with graver K until 
the center is reached. In Fig. 220 the graver ia turned over 
and the cut started at center and carried outward by depress- 
ing handle to finish square. 





332. The round-nose hand tool, Fig. 221, is used for inside 
rounds and fillets, and can be used for rough turning cylin- 



0^3 



Z) 



Pig. 221. — Rodnd-Nosb Hand Tool. 
drical work. When employed on steel or wrought iron, it will 
cut better if top face is ground hollow, as at A, to give it rake. 
It is used in a manner similar to the graver. 
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HAZING MACHINE HANDLES. 
333. Single handles are made as outlined in Figs. 222, 223, 
and 224. When manufactured in quantities, they are drop- 
forged to shape or made from bar stock with a forming tool in 



i: 



S 





a turret lathe. By either of the latter methods, they require 
but a small amount of hand finishing. 

334. Templets of sheet brass or steel, E, Fig. 222, are used 
for duplicate work, serving as a pattern or guide to uniform 
production. 
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They are lined out from specifications on the drawing, and 
are rough cut by chipping, or with shears, and finished by 
filing. Templets are used as guides when rough turning or 
planing, and for careful tests when finishing. 

336. To make a machine handle, Hg. 224. 



FiQ. 224. — ScHEDUiJi Drawinq of Macrine Haitols. 

SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 
RouQHiNO. Finishing. 

Stock, machine steel -^j;" to i" large. 

True live center. Set dead center in approximate alinement. 
Lard oil may or may not be used in squaring and turning steel or 
wrought iron. 

Use carbon-Bteel cutting tools. See Exceptum, p. 59. 



File ends Bat. 
Center. 



Rough Hquare, (1), {8). 
Step Method oC Rough 
Squaring, { 178. 



Centering machine. 
DriU, 1250 R.P.M. 
Countersink, 7( 
H.P.M. 

Engine lathe, 12 1 
16'. 2dspeed,or; 
F.P.M. Hand teed. 

Speed Uthe, 2d or ! 
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SCHEDULE OF OPEKATIONS, MACHINES AND TOOLS. 
CtnUinued. 



Finish square, (3), (4). 



Rough turn A' '»'^> (')- 
One cut. Turn one-half of 
lenjcth, reverse and turn the 
other half. 

Rough turn A* large, (6). 
One cut. Turn to (6"), 
about 1}' from end. 

Hold in vise and mark lin^ 1' 
from each end at (A) and 
<B). 



Rough turn convex portiona, 
<8), (9), (10), several cuts. 
Operate both feeds in com- 
binalion, by hand, and test 
with templet, as at E, Fig. 
222. 

Rough turn with graver, (11), 
(13). See ^ and A', Fig. 
222. Teat o(t«n with t«m- 



Rough turn, (13). See B, 
Fig. 222. Teat with templet 
and calipers at diameters 



Finiahturn, (17). 



Eng^e lathe, 3d 
speed, or SO F:PJS. 
Hand feed. 



1 speed, or 60F.P.M. 



Speed lathe, 8 U 
2d speed, or 1 
F.P.M. 



Engine lathe, 12 to 
10', 3d apeed, or 
60 F.P.M. Fine 



Diamond-p<nnt tool, 
or holder and cut- 
ter, 36" rake, rali- 



Copper under set 
screw of dog, dia- 
mond-point tool, or 
holder and cutter, 
35° rake, '.emplet. 



Diamond-point tool, 
or holder and cut- 
ter, 35° rake, cali- 
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SCHEDULE OF MACHINES, OPERATIONS AND TOOLS. 

CoiclvdM. 



Operations. 


Machines, Speeds, 
Feeds. 


Tools, 


Rough and finish turn, (18). 
Copy the reverse curve <the 
ogee) aa accurately as cao 
be ileternuned by the eye, 
or make a templet from 
specifications or curve on 
drawing. See [ 334. 


Speed lathe, 3d 
or 225 F.P.M 


" 


Graver, round-nose 
hand tool. 


File, (14) and (IB). 


3d speed, or 
F.P.M. 


175 


8' to KT mill bastard 
file. 
















smooth file. 


Polish, {14), (IS), (16), (18). 


Highest speed. 




60, 90, 120 and fiour 
emery cloth and 
stick, oil. 


Stamp name or initials. (19). 


Vise. 




Steel name stamp, 
hammer, copper 



Altenlion. — Part 17 ia usually fitted to a hand wheel, or other 
machinepart, by a forcing or threaded fit; if ao, operation 17 is omitted 
to allow the desired fit to be made later. 

Note. — The machine handle may be finished with graver and round- 
nose band tool used horizontally, as in Fig. 222, or with graver and 
round hand tool, by overhead turning, as in Fig. 223. 

DRILLING, TAPPING, AND HAND THREADING IN SPEED 
LATHE. 



F[Q. 225. — CuTHKC 
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336. To cut a conical cavity axially true with graver^ 
Fig. 225, — Hold nut A in chuck B. Set Tee reat C to bring 
edge of graver D at height of center. Hold graver down 
hard on Tee rest and at the same time press it into work. If 
graver is not held firmly, it will not produce a cavity axially 
true. If the work is brass, it is best to use the corner of the 
planisher. See Planisher, | 344. 

337. To chuck with twist drill in speed lathe, Fig. 226.— 
Make a conical cavity in work E, true to axis of rotation and, 
approximately, to the angle and diameter of drill." Fasten 
dog G to drill F and place in conical hole, with dog on rest J 
and dead center H in end of drill. Grip dog with left hand, 
start lathe and feed drill towaid headstock with the right 
hand. 



Fig. 226. — Chucking wrre Twiar Dbiu, in Speed Lathe. 

Attention. — Hold drill firmly and do not allow it to draw 
off dead center, which may cause drill to break and may spoil 
the work. 

338. To tap work in speed lathe, Fig. 227. See §534. — 
Place tap wrench K on tap L and then insert in hole in work 
M, held in chuck A^. Guide tap by dead center 0, allowing 
handle of wrench to bear on rest P. 
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172 PRINCIPLES OF MACHINE WORK. 

Rotate work by pulling belt Q, or rotate cone R, and feed 
footstock spindle to follow up tap with dead center. 

Attention. — Carefully follow up tap with dead center, as 
the tap will break If it slips off. 



Fio. 227. — Tapping in 4 Spkbd Lathh. 



Fig. 228. — Threading Work in Speed Lathe with a Dix bt Hand. 

As small taps break easily, it is best only to start tap in 
the lathe and then finish at vise. 

339. To thread work held in chuck with die and stock by 
hand, Fig. 228. — Chamfer end of work A, held in chuck B, as 
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at C, to assist starting die centrally. Remove dead center, 
insert table center D, place muzzle side of die E against 
work (see E') and handle G on Tee rest H. Feed spindle F 
in until D presses agmnst die stock. Rotate lathe by hand, 
following up die with D until thread is started. To terminate 
thread abruptly reverse die. 

Attention. — The work must be adjusted in chuck to run 
true, otherwise die will cut a crooked thread, 

340. Hand chasers are used to cut fine threads (20 to 70 P) 
on brass tubing, and may be used to finish threads partly cut. 
The teeth of chasers are cut by milling or by pressing the 
blank against a master or hob tap revolved in a lathe. 

Screws, Fig, 229, are threaded as indicated at A, B and 
A', B'. Run lathe at medium slow speed. Carefully move 
chaser along rest one pitch per revolution of work. After the 
thread is started it helps to guide the chaser. Lack of experi- 
ence or carelessness may cause the chaser to produce a double 
thread or a drunken thread (irregular spiral). 




Fig. 229. — Chasing Ootstob Threads. 

Nuts, Fig. 230, are threaded as indicated at A, B and A', B'. 

Attention. — To thread successfully with band chasers 
requires intelligent practice. They are not used as much as 
formerly, except on thin tubing, on account of the improve- 
ment in taps and dies. 
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Fia. 230. — Chabinq Inside Trreads. 

341. Haod tools for brass finishing. — Brass and compo- 
sition castings may be hand turned at a speed of 500 F.P.M. 
Bronze or gun metal, which is harder than brass, may require 
a slower speed. Rolled brass may be turned at a speed nearly 
as high as hard wood. See Brass Turning in Engine Lathe, 
1357. 

342. Ripper or rough turning tool, Fig. 231. — The top and 
side views are shown at A, B, and end view at C and C, 




Yia. 231. — RtPPEB OR Rough Turning Tool for Brass. 

The ripper is shaped by for^ng, and sharpened by grinding 
and oilstoning. It is a good tool to rough turn brass. 

343. Method of using ripper, Fig. 232. — Hold tool as 
shown at D, F and 0. Place tee rest close to work H, use 
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Fig. 2,12. — RonaH TmiMiNa a Brass Casting with Ripper. 

it as a fulcrum, and move handle from right to left, move tool 
along rest and repeat operation. Rough turn work ^" large, 
and finish turn with planisher. 

344. Planisher or flat scraper. — Fig. 233 (A, B) is used 

for finishing brass. The cutting end, C, C", is forged, and 
ground and oilstoned on end, sides and edges. 



Fia. 233. — Finish Tuknino Brass with Planisher. 

346. Method of using planisher, Fig. 233. — Hold similarly 
to ripper. Place at angle indicated at Z>, slide along hne EF 
from right to left or vice versa. If it chatters, use it at top of 
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work and reduce length of cutting edge, as at G, by carrying 
cutting edge at slight angle with work, as indicated by line HI. 

To finish a spherical surface, hold planisher as at J. 

F^g. 234, K, L, M, and N, shows a few of the purposes, both 
roughing and finishing, for which a planisher may be used in 
its regular or special form. 



Fia. 234. — RouGBiNo and Finisbinq Rollbd Brass with Planishers. 

346. Filing brass in the lathe. — It is usually unnecessary 
to remove tool marks preparatory to polishing by filing as 
brass can be scraped smooth with a planisher. 

347. Burnishers and bumishing metal. — After polishing 
and buSing, plated or unplated work may be given a brilliant 
luster by using a steel burnisher, shown at A, B, Fig. 235. 




Fw. 23fl. — BuRNisHiNQ TO Pbodcce Hwb Finish. 

The burnisher is elliptical in cross-section, as at C, is made 
glass hard, highly polished, and by skillful application will 
impart a mirror-like surface. 
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Work D is revolved at high speed and the burnisher ia 
lubricated with vaseline, kerosene, or a solution of borax and 
water and is moved along the work slowly with sufficient 
pressure to produce the desired iuster. 

Jewelry, cutlery, silverware, etc., are burnished by hand 
with hardened steel tools and also with tools faced with agate 
or bloodstone. 

348. Haod cutting-off tools are forged and ground as in 
Fig. 236, A, B for brass and C, D for steel and wrought iron, 
and are used in hand lathe to cut off small stock, as follows: 

Press lever E, Fig. 237, with the left knee to release spring 
chuck F, and insert rod G through spindle (or rod may be 



Fig. 236. — Hand Cutting-opf Tooui. 

held in universal chuck H). Hold tool J on rest K at height 
of center, and force inward. To prevent brass cutting-off 
tool froni binding, cut sideways to increase width of groove. 
See Lathe Cutting-off Tools, I 197. 




Fio. 237. — Cutting off Smaij. Stock in Univbbsal Hand Lathe. 

r 349. Improved hand cutttng-off tool. — After adjusting 

the tool on the rod the edge of circular cutter A, Fig. 238, 
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is forced into the i" rod by lightly pressing the handles to- 
gether. Stop B can be set to cut off equal lengths. Bush- 
ings are used in holder C for smaller rods. 



Fia. 238. — Improved Hand Cutting-opt Tool. 
350. Inside hand turning or boring. — Work A, Fig. 239, is 
held in chuck B. Tee rest C is placed close to work and 




Fig. 239. — Hand Boring and Inside Turning. 



adjusted to bring top of tool D to center of work. Tool D is 
then fed inward parallel to axis of work. Point F is ground 
with some clearance, as at 0. For steel or wrought iron, it 
is given rake, as at H. 

351. Hand tools from old files. — In an emergency, hand 
tools of different shapes can be made from old files by first 
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grinding off the teeth, then grinding or forging to desired 
shape. 

362. A slide rest, Fig. 240, is a very convenient attach- 
ment for a speed lathe for squaring and turning work either 
mounted on centers or held in a ehuck. 



Fig. 240. — Tdrninq in Speed Lathe with Sude Rest. 
SCHEDULE OF PABTS. 



^— Base fastened to tee rest 


F — Handle, cross feed. 


slide. 


G — Tool-post. 


S — Long slide, pivoted on A. 


/f — Cutting tool. 


C— Cross slide. 


/ — Coneavo and curve wash- 


D — Zero line, tor taper turning. 


era for raising and lowering point 


i^-Handle, long. feed. 


of tool. 



SPRING WINDING. 
363. Coil springs, both extension, Fig. 241, and com- 
pression, Fig. 242, made of wire A" and less in diameter, are 
wound in a speed lathe; larger sizes are best wound in an 
engine lathe with back gears in. For sizes of wire see §§ 659- 



FiQ. 241. — Extension Spring. Fig. 242. — Compression Spbinq. 
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3M. Spring winder, A, Fig. 243, for winding compres=''*r> 
or extension springs. To wind compression spring 
mandrel C, rotate web on spacing wiiee! D into posiuon, 
equal in thickness to space between coils. Pass wire E 
through lug F, between friction washers through stud G and 
through hole in mandrel to fasten. Press spacing wheel 
against mandrel and adjust nut H to give desired tension. 
Rotate lathe by hand or power, and wind spring. To make 
each end flat, wind first and last coils straight. 



Fig. 243. — Winding a CoHPRcasiON Spbinq. 

Extension springs are wound in the same manner, except 
that the thickest web of the spacing wheel is pressed against 
the spring after one turn to keep it closed. 

Springs when released by cutting off the wire at both ends, 
expand some by uncoiling. If the spring is brass, this may be 
prevented, to some extent, by blows of a lead hammer applied 
over the whole circumference; but if the spring is made of 
piano wire, a smaller mandrel should be used to allow for the 
expansion. Large steel springs are prevented from expand- 
ing by heating red hot before releasing, and hardening and 
tempering afterwards. 
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'"'lis spring winder may also be used to wind springa by 
iround a mandrel held in a vise. Machines, both hand 
and automatic, are obtainable for winding springs. 

365. To gear a lathe to wind coil springs. — Arrange as for 
screw cutting. For a compression spring, the pitch should 
equal the space desired between the coils plus diameter of wire, 
and for an extension spring the pitch should equal diameter 
of wire. Mount mandrel on centers with dog or hold end in 
chuck. Pass wire between two blocks in tool-post to give 
desired tension, fasten end of wire, start lathe and wind 
spring. 

366. To wind a compression spring with a wire hook. — Place 
hook between the coils and have assistant at the hack of the 
lathe hold end or allow it to hang between the ways and the 
carriage. Feed carriage along slowly by hand with a piece 
of steel in the tool-post pressing against the spring. 

Warning. — Be careful in releasing a spring from its wind- 
ing arbor by using up all the wire or by cutting off, as it usually 
uncoila^ a. httle, suddenly, and with a force that may injure 
the hands. 
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CHAPTER XIII. 

BRASS FINISHIIIG. HACHUmiG BRONZE, COPPER, ETC. 

HURLHIO. CURVE TDRNmC AND FORHIHG. 

STEADY AHD FOLLOWER RESTS. 

BRASS FINISHING. 
367. To turn brass in the engine latbe. — Brasa, also known 
as composition, ran^ng in hardness from soft yellow to hard 
brass or bronze, is generally turned with tools having little or 
no rake. High speed and quick feeds are used and the tools 
must be kept sharp by frequent grinding to obtain the best 
results. See To Machine Bronze, § 362. For Cutting Speed, 




368. The round-nose tool, as at A and B, Fig. 244, is gener- 
ally used for large brass work. It may be used to turn the 
182 
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diameter as at C, the shoulder, as at D, and the round comer 
or fillet as at E, without change of position in the tool post. 

359. Use front tool, Fig. 245, with point A, B ground at 
angle from 50° to 60° for squaring, turning, or facing, without 
change, as at C, D, and E. If the work is ri^d, cut inward 
or outward; it slender, cut inward only. Thia tool may be 
ground to fit thread gage, and used as a threading tool for 
United States Standard or Sharp V threads. 

Attention. — As bronae and brass will stretch, it is neces- 
sary, when fitting a steel screw to a bronae or brass nut, to 
force the screw in hard at first to avoid a loose fit. 

Reamed and drilled holes in brass or bronze are usually 
smaller than holes made with the same tools in east iron on 
account of the resilient and adhesive quality of the^ie 



Taps, dies, reamers, and files that are used on steel or iron 
may be used on brass, but it is best to have separate tools, 
for such tools never work as well on brass after they are used 
on steel or iron. 

Brass in general is machined dry, but to thread rolled brass, 
as rod and tubing, with a die, it is usually necessary to use 
lard oil to prevent the ch'ps from clinging to the threads of the 
die and stripping the threads on the work. 

360. To make brass binding post, Fig. 246. — 



Fig, 246. — Schbdulb Dbawinci of a Bindiko Post. 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOlS. 

RotTOBUNQ. PlHISHIKa. 

Stock, composition or brass castings A* large- 
True live center. Set dead center in approximate alinentent. 
Use carbon-steel cutting tools. See Exception, p. 59. 



Rough squBre, (1), (2), (3), 
(4). Take as little aa pas- 
eible off 1. See H 358, 
359. 

Recenter to ^' diameter. 
Finish square, (5), (fl), (7), 



Finiah turn, (13), (14), 
I" gage, or 
easy fit, tool finish, fijing 



s, (IB), (30). See 1226, 



■rith|'X24U,S.F.die, S 
30). atart in lathe. 
It by baud, and finish 
. See e 339. If de- j 
KiBt and nuts may be , 
:d r X la, United I 

. Standard thread. j 



Vise, centering ma- 
chine, drill, 3600 
R.P.M., counter- 
sink, 1700 R.F.H. 

Engine lathe, 12" to 



Engine lathe, 4th or 
5th speed, or 150 
F.P.M. Hand feed. 

4th or Sth speed, or 
90F.P.H. Medium 
power feed — 80 to 

4th or Sth speed, or 
150 F.P.M. Fine 
power feed — 140 



Round'iHiae tool 4' 



60° coimterHink. 



Copper under set 
screw of dog, round- 
nose tool, calipers, 



Front tool. 
U.S.F.-threading tool. 



I' univeraal ehuelc, 
r X 24 U.S.F. 
thread die and die 
stock, special vise 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Concluded. 



Ofebatioks. 


Machineb, Speeds , 
Fbem. 


Tooia. 


Rechamter, («1). 

Round end with forming too). 
By hand tool, (za). 


Enpne Uthe, 4th or 
5th speed, or 90 
F.P.M. 


Clamp nut, front tod. 

Forming tool. 
Planisher or graver. 


Speed lathe, 4th or 
nth speed, or 600 
F.P.M. 



361. To make brass nurled thumb nuts, Fig. 247. 



Iff 



iJ"® 



p 



Fig. 247. — Schbdulb Drawino of nuelbd Nuts. 
SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 



^rew on nut mandrel, mount 
on centers, rough square, 
(C), Finish square, (D) ■ 



Engine lathe, 4th or 
5th speed, or 90 to 
150 F.P.M. Hand 



3' universal chuck, 
planisher or graver, 
P or W drill, I' X 
24 U.S.F.-thread 
tap, tap wrench. 

DogfX 24 U.S. F,, 
nut mandrel, front 
tool. 



bv Google 



PRINCIPLES OF MACHINE WORK. 



Reveise on mandrel, rough 
Bquare, (E). Finiah square 
to thickopsB, (F). 



■e diameter (L) (SI) A' 



Nurl (P), 1 
nurl nut (I 

Hold nut mi 



ti DUt^ on binding poEt, 
>unt on centers and hand 
rn, (8), (T), to correct di- 
leterof post and nut (A). 



Polieh and lacquer posts and 
nuts all over, except 
threads. 



Engine lathe. 4th or 
5th speed, or 90 to 
150 F.P.M. Fine 
power feed — 140 



ipeed lathe, 4fh ( 
5th speed, or 50 
F.P.M. 



Place on metal block. 



Front tool, calipers, 



Hand nurling tool. 



.20 and flour emery 

cloth, crocus cloth 
(an oxide of iron). 
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AUerUwn. — The cutting speeds in schedule are for soft brass or 
compOHition eastings; but if castings are hard, reduce the cutting 



MACHINING BRONZE, COPPER, ETC. 

362. To machine bronze. — Phosphor, Tobin, and other 

bronzes are tougher than ordinary brass, and are machined 
with cutting tools similar to those used for steel and wrought 
iron, and lubricated with lard oil. 

363. To machine copper. — Copper is machined with tools 
similar to those used for steel but preferably with more rake 
as a keen edge is desirable, and with the point slightly 
rounded. Lubricate with milk, soda water, or soap mixture. 
Use speed nearly as fast as for brass. 

364. To machine aluminiwu. — Aluminium, owing to its 
light and ductile nature, is machined with tools having acute 
cutting angles, more rake than is used for steel, and at a mod- 
erately fast cutting speed. See Lubricants for Cutting Tools, 
S 100. A very high polish may be obtained on a cotton buffing 
wheel. 

366. To machine Babbitt and lead. — Babbitt and lead are 
machined dry and with keen tools, the same as aluminium. 

366. To machine vulcanite or hard rubber or fiber. — 
Rubber and fiber are machined dry, at a moderately fast 
speed, with cutting tools similar to those used for steel. They 
are finished and polished the same as steel, for a very high- 
finish buff on a cotton buffing wheel charged with tripoli or 
rottenstone. 

367. To machine rawhide, use tools similar to those used 
for steel, but preferably with more rake and with a cutting 
speed about the same as for brass, and machine dry. For 
gear blanks, the several layers are confined between riveted 
plates, and should be shellacked as soon as machined to pre- 
vent swelling. Rawhide is milled and drilled dry, and the 
chips are removed by compressed air or a fan. 



bv-GoogIc 



188 PRINCIPLES OF MACHINE WORK. 

NURLING. 

368. Hand and machine nurling or milling tools, Figs. 24S 
and 249, are used to check or mill surfaces of nuts, screw 
heads, handles, knobs, etc., to increase the grip and facilitate 
rotation. These indentations are similar to those on the edges 
of silver and gold coins to detect the removal of metal and 
called milled edges. 

369. Hand uurling. Fig. 248. — Thumb nuts and screw 
heads are often nurled with single nurl wheel A and holder B, 
Fig. 248. Oil work and nurl. 



Fio. 248. — Hand Nublino in Speed Lathe. 



SCHEDULE OF OPERATIONS. 



Speed for hand nurling brass, 
300 F.P.M. 



Speed for hand nurliDg steel, 
200 F.P.M. 



Place holder on test C which 
should be firmly clamped, and 
place wheel under thumb nut D. 
Press down firmly with right 
hand, at same time steadjdng tool 



with the left, until desired effect 
is produced. 

Attention. — Use fine nurls on 
steel. 
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NUELING. 
370. Hacliiae aurling, Fig. 249. 




Machine NuRUsa m Enoine Lathe. 



SCHEDULE OF 

Speed for machine nurlingiroa 
and steel, 40 F.P.M. 



OPERATIONS. 

Feed for nurling, medium 
power feed, 80 to 1'. 



Nurling tool. Fig. 249, con- 
gists of holder A and two hard- 
ened Bt«el nurling wheels B, B', 
mounted in head C, connected 
with holder by rocking joint. 
Nurls have opposed heUcal teeth 
aa at D, ly. Holder is fastened 
at right angles to work E, artd ad- 
justed to have both wheels bear 
equally on work. 

Use power feed. Oil work and 
nurls. Start lathe. Force nurb 
with cross feed screw hard against 
work, preferably with half width 
of nurls. Stop lathe, and if 
pitch of checking on work is 
same as nurla, reduce pressure 
and throw in power long, feed to 



travel back and forth over surface 

until projectJona come nearly to 
a point. 

AUention. — To prevent hand 
or machine curls from cutting 
double set of projections twice as 
fine as the nurls and spoiling the 
work, press nurls hard at start 
until desired effect is produced, 
then partially relieve pressure 
before startbg power feed, to 
avoid undue wear on centers and 
center holes. 

JVofe. — Nurla for hand work 
are obtainable in a variety of 
patterns; nurls for machine 
work, in fine, medium, and coarse 
pitches. Medium is most used. 
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CURVE TURNING AND FORMING. 

371, Curve turning, — Small outside and inside rounds 

(convex and concave surfaces), ogees and other irregular 

curves may be rough formed, as in Fig. 250, with one hand 

oi>erating the cross feed and the other the long. feed. The tool 




Fra. 250. — Curve Turning, Operatino Feeds 



for the inside round is moved, approximately to the correct 
curve, repeatedly from A to B; for the outside round, from 
C to D and from G to E. By moving one feed more rapidly 
than the other, as the curve may require, good results may be 
obtained. If the work is slender or the curve large, it is 
usually finished with hand tools in the speed lathe (see Tem- 
plet, § 333). • If the curve is small and work stiff, forming 
tools may be used. 

372. Forming tools for engine lathe work are used for 
forming duplicate pieces. They may be made by milhng or 
fiUng. If much stock has to be removed, rough form with a 




Fia. 251. — Forming wrrn Forged Tool. 
suitable lathe tool. Forming tool A, Fig. 251, is rounding 
the end of shaft, after which it may be filed and polished. 

Forming tools are also used in turret lathes, screw machines 
and planers. 

UigilizKhv Google 



STEADY AND FOLLOWEa RESTS. ^ 191 

373. Forming cutter and bolder. — Forming cutters, to 
fit thread tool holders, are obtainable. In Fig. 252, forming 
cutter A, held in holder B, is forming wheel C. 




Fig. 252. — Forminq 



The manufacturing method of machining hand wheel rims 
is to mill them with a vertical milling machine or form them in 
a special machine which carries a pointed tool mounted on a 
turn table around the curve. 

STEADY AND FOLLOWER RESTS. 

to support a slender 



374. A steady rest, Fig. 253, is 
shaft to prevent vibration. 



SCHEDULE OF PARTS. 



A — Rest; two parts, — base 
and top. 

B — Base. 

C — Top, hinged to base. 

D — Clamp strap. 

E — Bolt to clamp rest at any 
location, on ways of lathe. 



F — Bolt, hinges top to base, 

G — Clamp, fastens top to base. 

H — Sliding jaws adjusted to 
spot / on shaft. 

K[ JCj Kg — Adjusting screws. 

L — Nuts to clamp jawa in 
position. 
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376. To turn spot on shaft, then adjust jaws to that spot 
and. turn shaft, Fig. 253. 



SCHEDULE OF OPERATIONS. 
True live center. Set dead center in accurate alinement. 



1. Center and straighten shaft, 
rough square, recenter, finish 
square. 

2. Turn spot J A" to i^" large 
and wider than jaws H, central 
or nearer live center, and file 
smooth. 

3. Move jaws H back to clear 
shaft and swing top C backward. 
Mount and clamp rest opposite 
spot. Adjust jaws H by screws 
K, first, then Kj to touch shaft. 
Swing top C forward and clamp, 



and adjust third jaw H by screw 
K^. Clamp jaws by nuts L and 
oil spot /. 

4. Turn one-half shaft, re- 
verse shaft, adjust jaws to turned 
portion and turn rest of shaft, 
or spot the shaft in cent«r and 
rough and finish both halves to 
spot by reversing shaft, then 
move rest along toward Uve 
center, readjust jaws and finish 
spot to ^ze. 



376. The cat head, M, Fig. 254, is used to hold slender 
shafts to be spotted as well as for steadying slender shafts to 
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be turned without spotting. It is also used to bold square, 
hexagonal, or irregular section work to be turned, as valve 
stems that have one part square and the other round. 



r A Steady Rest 

377. To true cat head on shaft. — Place it on shaft and 
true up accurately by adjusting screws. Test its truth by 
chalk, copper tool, or a test indicator. If the cat head is used 
in turning the second end of the shaft, it must be placed on the 
turned part and trued up as before. Usually the jaws of the 
steady rest are set directly on the shaft for the second half. 

Attention. — Do not adjust jaws carelessly to cause the 
shaft to spring. If piece springs when outside skin is removed, 
straighten in a press, or if the shaft is slender, mount on 
centers and straighten. Use wooden jaws in steady rests for 
finished work. 

378. Follower (Traveling) rest, A, Fig. 255, is used for turn- 
ing shaft from end to end, and it is more convenient and pro- 
duces more accurate work than a steady rest. The rest consists 
of two jaws and a frame bolted to carriage B. A spot of the 
desired diameter is turned at end C of shaft D, and the jaws 
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E and E' are adjusted to it. The tool must be slightly in 
advance of the jaws, which should be well lubricated where 



Fio, 255. — ToRNiKO Slender Shait Sopported bi a Follower Rest. 

they bear on the work. One-half of shaft is turned, then 
it is reversed and the second half turned. For more effective 
support, use bushings to suit different diameters of shafts in 
place of jaws. When cutting Square or 29° thieads on slender 
pieces a follower rest is iiecessaTy to support the work. 
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CHAPTER XIV. 

CYLUfDRICAL GRINDING MACHINES. GRINDING WHEELS. 
PROBLEMS IN CYLINDRICAL GRINDING. 

CYUNDRICAL GRINDING MACHINES. 

379. Hacbine grinding is a scientific method of producing 
cylindrical, conical, and plane surfaces accurately, rapidly, 
and economically, with automatic grinding machinery; also 
for duplicating parts. 

Almost any material, as hardened and soft steel, wrought 
iron, cast iron, brass, copper, aluminium, vulcanite, and wood 
fiber, may be ground accurately. Grinding machines are 
not designed to remove a large amount of stock but to produce 
accurate dimensions on work that has been roughtumed. 

The principle of grinding on two dead centers, — Ground 
work is more accurate than turned work. This accuracy is 
obtained by grinding the work on two dead centers as in 




Fia. 2B6. — Accuracy Obtained by Grinding on Two Dead Centers. 

Fig. 256, which eliminates the error caused by wear of spindle 
bearings. The wear of dead centers is readily corrected by 
grinding the centers, but the wear of spindle bearings cannot 
be readily corrected. 

Machine grinding is also used for finishing as a substitute 
for polishing as it is more economical than usmg files and 
emery cloth. 
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380. Grinding machines may be divided into four general 
claEses: Universal grinding machines for general work; plain 
grinding machines for outside work only; cutter grinding 
machines for grinding cutters and similar work; and surface 
grinding machines for surface grinding only. 

Special grinding machines are designed for special purposes, 
as internal grinding machines, piston grinding machines, and 
crank grinding machines to rough as well as to finish auto- 
mobile crank shafts without rough turning. 

381. Universal grinding machine, Fig, 257, like the en^ne 
lathe, is designed for general work, as straight and taper grind- 
ing, both external and internal, facing sides of disks, grind- 
ing clearances on cutters, reamers, etc. See Internal, Cutter 
and Surface Grinding, Advanced Machine Work. 

SCHEDULE OF PARTS. 

CoUNTBRSHAfT DrIVB. BeLT FEBJJ. 



382. Machine Paris. 

A — ISa^c, contains locker for 
Binall parts. 

B — Bed, contains feed and 
reversing, mechanism. 

C — Table. 

C — Swivel table. 

D ~ Swivel headstock (90°), 
position adjustable. 

E and E' — Dead centers. 

F and F' — Dead center puUeys ; 
large or small may be used. 

G — Live spindle pulley. 

H — Stop for live spindle 
pulley. 

J — Footstock, position ad- 
justable. 

K — Lever to spring dead 
center " in " or " out." 

L — Grinding wheel, head 
mounted on swivel slide and 
adjustable " forward " or " back- 
wani;" ft can also be fed by 
hand to grind steep tapers. 

M — Grinding wheel. 



N — Water supply pipe. 
P — Belt to drive work. 
Q — Belt to drive grindmg 
wheel. 

R — Belt to drive feed cone. 
5 — Belt to drive pump. 

383. C(mtUershafi Parts. 

I. Line shaft. 

II. Tight and loose pulley 
mechanism controlled by shipper, 

III. Belt to drive sleeve carry- 
ing feed cone. 

IV. Belt to drive work drum. 

V. Work drum. 

VL Clutch operated by ship- 
per brake. 

VII. Belt to drive grinding 
wheel drum. 

VIII. Grinding wheel drum. 

IX. Belt to drive dead center 
puUeyF to g.ve higher speed. 

X. Belt to drive live spindle 
pulley G. 
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Fig. 257. — Univehsai. Gbindinq Machine. 
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GRINDING WHEELS. 

384. Grinding wheels, Chart, Fig, 258, are made from 
various abrasives, — emery, corundum, alundum, and ear- 
borundum. The abrasive is mixed with a bond, the amount 
and composition of which makes a wheel hard or soft and 
determines its grade or degree of hardness. 

They are molded, baked, turned, balanced, and tested for 
hardness and speed. 

The number of a wheel is determined by the number of 
meshes per linear inch of the sieve through which the abrasive 
has passed, and for grinding wheels runs from No. 12 to No. 
120- Lower numbers indicate coarser wheels and higher 
numbers finer wheels. See Elements of Machine Work. 

386. Coarseness. Grade of Hardness. Process. 

Coarseness detarmined by Hardness determined by bond 
No. of abrasive. binding grains of abrasive 

together. 



Vitrified. 


Tanite. 


SiUeate. 


Vulcanite 


Elastic. 


CeUuloid. 



Each process is best adapted to certain classes of grinding, 
yet each may be used for general grinding. 

386. Vitrified wheels, reddish brown in appearance, are 

made by mixing the abrasive with a bond of clay, sand, spar, 
etc, they are then molded into shape, placed in ovens similar 
to pottery kilns and subjected to a prolonged and intense heat 
(3000° F.). These wheels are even in texture, open and po- 
rous. They are especially adapted to grinding hardened steel, 
as they will not glaze easily and are thus cool-cutting. Wheels 
made by this process. are used for general work and tor cylindri- 
cal and cutter grinding. See Table of Grades, I 393. 
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387. Silicate wheels, light gray in appearance, are made by 
mixing the abrasive with a bond of silicate of soda, and then 
subjecting to a low heat (300° to 400° F.). These wheels are 
made porous or dense, as desired, are even in hardness and 
have unusual strength. They are adapted for wet tool grind- 
ing and general purposes. All wheels above 30" in diameter 
are made by this process. See Table of Grades, ft 393. 

388. Elastic wheels, black in appearance, are made by 
mixing the abrasive with a bond of shellac, etc.; and then 
subjecting to a low heat (300° to 400° F.). These wheels are 
not brittle, and can be made as thin as A". They are used for 
grinding arbors, cutters, reamers for saw gumming, and for 
cutting off small stock, such as thin steel tubing, wire, etc., 
also for grinding in narrow opening. See Table of Grades, 
S393. 

389. Tanite wheels are made by mixing the abrasive with 
tanite (a chemical and mechanical transformation of leather) 
and then subjecting to heat under hydraulic pressure. They 
are used for general grinding in a similar manner to silicate 
wheels. 

390. Vulcanite wheels are made by mixing the abrasive 
with a bond of rubber and sulphur, and subjecting to a low 
heat (225° F.). These wheels are not brittle and have a high 

factor of safety. They are used for special work. 

391. Celluloid wheels, brown in appearance, are made by 
mixing the abrasive with celluloid; both are subjected to a 
low heat (250° F.). 

392. Combination wheels are made by mixing several 
numbers of the abrasive together in the formation of the 
wheel. Three numbers are generally used for this purpose, 
as 24, 36, 46, — the coarsest grade is used for fast cutting 
and the finest grade is used for a smooth finish. The addi- 
tion of a small amount of fine abrasive to a coarse wheel will 
prcduce wheel of great durabihtv. 
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Table of Grades of Wheels Made by Different 





VrmiFiED 


Silicate 


Elastic 




Pbocebs. 


Process. 


Pbocess. 


Very soft. , . 


E 


i 


JE 




F 




1 E 




G 


u 


liE 




H 


H 


HE 


Soft 


I 


1* 


HE 




J 


2 


2 E 




K 


21 


2iE 




L 


2i 


2iE 


Medium.... 


M 


3 


3 E 




N 


34 


3iE 







4 


4 E 




P 


*i 


HE 


Hard 


Q 


5 


6 E 




R 


5* 


51E 




S 


6 


6 E 




T 


fli 


6JE 


Very hard . 


U 


7 


7 E 

; 



AUention. — The grade of a grinding wheel ia more important than 
the number of the abrasive. The number influences the grade to a 
sl'gbt extent, a fine wheel, aa No. 90, grade M, is slightly harder 
than a coarse wheel same grade as No. 60, grade M. 

394. Shapes of wheels. — Plain disk wheels are used for 
straight and taper work, and plain and cup wheels for surface 
grinding. 

Cup, bevel, and disk wheels are used for grinding drills, 
cutters, and for grinding to shouldei. Small wheels are used 
tor internal grinding. See Chart of Grinding Wheels, Fig. 258, 

395. Selection of wheel depends on hardness of material 
and nature of work. In general, use a hard wheel for rough 
grinding and a medium or soft wheel for accurate grinding 
and fine finish. If a wheel is too hard, it will glaze quickly 
and heat the work; if too soft, it will wear rapidly and prevent 
accurate grinding. A coarse wheel is less liable to heat than a 
fine wheel, as the latter is apt to glaze. A perfect wheel is 
one with a bond that will release the grains before glazing 
takes place, and hard enough to take a series of cuts without 
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changing its shape or diameter, as accurate grinding depends 
upon the sizing power of wheel. 

396. To mount wheels. — Place rubber or blotting-paper 
washers between wheels and flanges, and clamp. Wheels 
should fit easily on arbors. Some are bushed with soft metal 
to fit standard shafting and will run fairly true. Wheels to 
be interchangeable without truing are provided with indi- 
vidual taper bushings. Small wheels for internal grinding 
iiave counterbore depressions for fillister head screws. 

397. The periphery speed for wheels should be approximately 
from 5000 to 6500 feet per minute (F.P.M.). A higher speed 
may cause the wheel to break. Should a wheel heat or glaze, 
run it slower. If it is too soft, it can often be made to hold 
its size by using a higher speed. 

Table of SpEEoe for Grinuinq Wveeis. 

The table given below designates number of revolutions per 

minute for specified diameters of wheels, to cause them to run 

at the respective periphery rates of 4000, 5000, and 6000 feet 

per minute. 





Revolutionb pee 


Revolutions peb 


Rbvolotions per 


Duu. WheEi.. 


Minute for Sub- 


Minute for Sur- 
face Speed of 


Minute foe Sur- 
face Speed or 




4000 Ft. 


6000 Ft. 


6000 Ft. 


1 inch. 


15,279 


19,099 


22,918 


2 " 




9,549 


11,459 




5,093 


6,366 


7,639 




3,820 


4,775 


5.730 




3,056 


3,820 


4,584 




2.646 


3,183 


3,820 




2,183 


2,728 


3,274 




1,910 


2,387 


2,865 




1,528 


1.910 


2,292 




1,273 


1,592 


1,910 




1,091 


1,364 


1,637 




955 


1,194 


1.432 




849 


1,061 


1,273 


20 " 


764 


955 


1,146 


22 " 


694 




1,042 


24 ■' 


637 


796 


955 


30 " 


509 


637 


764 


38 " 


424 


531 


637 
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398. The periphery speed of work (F.P.M.) should be pro- 
portional to the grade and speed of wheel, also to the diameter 
of work. The speed varies from 15 to 60 feet per minute for 
different classes of work. The higher speed is best for cast 
iron and the lower for duplicate work, 

399. Direction of rotation of wheel and work must be op- 
posite at cutting point as in Fig. 259. 



Fig. 259. — Direction of Rotation op Wheei, 
AND Work for Extermai. Grinding. 

400. Feed of table or traverse speed is in proportion to the 
width of wheel face and finish required. Use coarse feed for 
roughing. For large work with a heavy machine, use one-half 
to three-fourths width of wheel to each revolution of work; on 
light machines use one-third to one-half width of wheel. For 
a very fine and accurate finish, use one-fourth to one-third 
width of wheel. 

401. Depth of cut. — For roughing take deep cuts, — .001* 
to .004" at each stroke; for finishing hght cuts, — .00025* to 
.0005" at each stroke. The sparks thrown off by the grinding 
wheel indicate the depth of cut: a large volume of sparks indi- 
cates a heavy cut, and a small volume a light cut. 

402. Width of face of wheel. — A wide wheel with a coarse 
feed, removes stock rapidly, and is used where it can pass 
from one-fourth to one-half its width beyond the end of work 
or recess. 

A narrow wheel is used to grind to a shoulder not recessed 
to produce an accurate diameter next to shoulder or with 
narrow recess. The face of a wheel may be narrowed by 
beveling a comer with a diamond tool. 

403. To true grinding wheel. — Grinding wheels wear smooth 
or become glazed by use, so that they will not cut freely. A 
new wheel will not run true and must be trued before using. 
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To true face of wheel, mount diamond tool A, Fig. 260, in 
fixture B. Feed tool to touch revolving wheel with cross 
feed, then traverse tool by power or hand long. feed. To true 



Fio. 260. — TmnNO Face op Wheel Fig. 261.^TRUiNa Side of Wheel 

WITH A DiAUOND ToOL. WITH A. DlAMOND ToOL. 

side of wheel, clamp diamond tool A, Fig. 261, in slide of fixture 
B at right angles to wheel. Feed tool to wheel by hand long. 
feed until it touches revolving wheel, then operate tool by 
hand with cross feed. 

If a wheel is soft, but little attention may be given it while 
roughing, as it will wear away fast enough to keep sharp, but 
it must be sharp and also true, to produce a fine finish. 

Attention. — Grinding wheels may be trued dry, but the 
wear on the diamond tool is much less if plenty of water is 
used. 

404. To true centers, Fig. 262. — Remove centers, clean 
holes with waste. Clean dead center and insert it in live 
center spindle. Belt machine to revolve live spindle, pull out 
pin A, swivel headstock to 30° and clamp. Set reversing dogs 
and grind center by trial and correction to fit center gage 
(60°). See 5 33, Replace dead center, clean and insert live 
center in its spindle and grind. Both centers are hardened 
and tempered. In a plain grinding machine, use a special 
attachment. Some small grinding machines permit swinging 
of table to grind centers. 
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F Univbrsal Grindinq 

405. Methods of driving work. — (Two dead centers.) 
Centered work is ground on two dead centers and driven by 
dead center pulley and balanced dog, as in Fig. 256, To 



Fig. 263. — End Driving Dog fob Work of One Diameter. 

grind work of one diameter, use end driving dog, as in Fig. 
263. (With revolving spindle.) For work held in chuck, as 
face and internal grinding, the spindle revolves. 

Some classes of centered work may be rapidly handled and 
ground by using spindle and triangular live center drive, as 
in Fig. 264. 
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Fig. 264. — Tbianqdlar Center Dbjve for Rapid Pitoddctiok. 

A triangular center punch is driven lightly into one center 
hole to make it fit center. The work is then mounted on 
centers and not moved until finished. 

406. To set swivel table to grind straight work. — Set both 
aero lines on headatock swivel (graduated in degrees) to coin- 
cide, then set both zero lines on swivel table (graduated scale 
in inches per foot and degrees) to coincide. To obtain accu- 
rate setting, take a few light cuts and caliper both ends with 
micrometer. If they differ, release clamp bolts and awing 
swivel table a little with adjusting screw at end, clamp bolta 
and repeat above process until desired accuracy is obtained. 

Attention. — The graduations on headatock swivel and 
swivel table are helpful, but the coincidence of lines, even if 
located with a magnifying glass, give only approximate accu- 
racy, and it is only by the process of trial and correction that 
accuracy is obtained. 

407. Slight tapers are obtained by setting swivel table to 
approximate taper by scale and using a standard taper ring 
gage to determine exact taper, which is obtained by trial and 
correction in the same manner as a straight setting. 

408. Steep tapers on work held in chuck or on headstock 
spindle are obtained by swiveling the headstock. For work 
mounted on centers, tapers are obtained by setting wheel slide, 
and for two abrupt tapers, outside or inside, by setting both 
headstock and wheel slide at proper angles. 

409. Wet and dry grinding. — Wet grinding is rapid and 
accurate. An insufficient or fluctuating supply of water will 
cause a change of temperature and produce inaccurate work. 
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If the nature of the work will not permit, or the machine is not 
arranged for wet grinding, good results may be obtained by 
grinding dry with very light cuts. Water guards for wet 
grinding are supplied. See A, Fig. 265. 

"ilfy. Lubricants for griadlng. — Use water, and to prevent 
rusting of machine, add enough aal aoda to the water to show 
a deposit on machine. Machine oil is sometimes added to 
mixture. 

Aluminium is ground with a lubricant of kerosene, or a 
mixture of kerosene and machine oil. 

As moat cutter grinders are not arranged for wet grinding, 
cutters and reamers are ground dry. 

411. To prepare work to be ground. Allowance for grind- 
ing. — Short work that is not to be hardened is rough turned 
from .006" to .010* large. , For large work and long, slender 
work that will spring and run out of true after turning, and for 
hardened steel that is liable to spring in hardening, it is good 
practice to allow from .020" to .030" to grind off. A large 
allowance means but one cut in the lathe, and it is more eco- 
nomical to grind with the modern grinding machine than to 
take a second cut in the lathe to reduce the allowance. 

412. Rough and finish grinding. — In manufacturing ma- 
chine parts in lots, it is good practice to rough grind all 
pieces to within .002" or .003" before finishing any. The 
wheel then need be trued only twice, — once in roughing 
and once for finishing. ' 

413. The finish of work. — An ordinary shaft should be 
given a " commercial " finish; that is, it should be ground 
to a good smooth surface. A forcing fit need not be ground to 
such a fine finish, but close to size. Gages and fine work of 
this class must be ground both to a fine finish and to an exact 
size, A fine accurate finish is generally obtained with light 
cuts, slow feed, a true wheel, and a liberal supply of water. 

414. Expansion of work while grinding, — Expansion is 
caused by the friction of the wheel. In grinding work dry, 
particularly long shafts, it sometimes is made to run out of 
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true and this is due to its own internal strains or unequal 
expansion. A grinding operation shows error or truth; an un- 
even volume of sparks indicates error, and an even volume ot 
sparks truth of work. To remedy this, flood work with water, 
reduce speed of work and feed one-fourth thousandth at eactr 
end of stroke until work is cylindrically true. When the work 
becomes round again, increase its speed and the depth of cuts. 
Spring back rests B, B, B, Fig. 273, are often used to remedy 
this error. 

Attention. — A distinct difference in the sparks, however, 
may indicate an error as small as one-tenth to one-fourth 
thousandth of an inch or less, which may be ignored for some 
classes of work. 

416- Seasoning work. — Long slender work is often laid 
away for a period of time between roughing and finishing, to 
reheve internal strains, when great accuracy is required. Thi.s 
is usually unnecessary for short or heavy work. 

416. Care of machine and work. — All bearings should 
be kept well oiled. The cross slide should be cleaned, oiled, and 
if need be, adjusted to move smoothly. The centers and center 
holes in work must be kept absolutely true and clean and well 
oiled to produce accurate work. While most of the bearings 
on modern grinding machines are dust-proof, nevertheless the 
machines should be kept clean, 

417. Measuring tools for grinding — Use micrometer calipers 
and limit gages for general work. For very accurate work 
use a ten-thousandth micrometer or measuring machine. 

Warning. — Push the shipper slowly and watch the grind- 
ing wheel as it slowly starts. Never stand in front of a wheel 
when it is starting, to avoid injury if the wheel should happen 
to break. Modern grinding wheels have a high factor of safety 
and seldom burst at the speed recommended, but any wheel 
may be broken by careless usage; accidentally moving the 
headstock, or footstock, or work, against the side of the wheel, 
especially a thin, vitrified wheel, revolving or stationary, may 
break it. 
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PROBLEMS IN CYLINDRICAL GRINDING. . 
418. Adjustments and movements to operate universal 
grinder, Fig. 265. 

SCHEDULE OF PARTS. 



1. Shipper to start and stop 
grinding wheel. 

2. Shipper brake to start and 
stop work. 

3. Knob to start or stop long, 
power feed work (table feed). 

4. Long, feed hand wheel. 

5. Lever to reverse long, teed 
by hand. 

6 and 7. Dogs to reverse long, 
feed automatically. 

8. Cross feed hand wheel. 

Aiitomaiic Cross Feed. 

9. Pawl. 

10. Ratchet wheel (each tooth 
reduces work 1/4/1000" in diam- 
eter and each graduation 1/1000*). 



11 and 12. Adjusting screws 
which control movements of pawl 
9 and depth of cut at each end of 
stroke. 

13. Perpendicular latch, 

14. Latch head. 

15. Shield. 

16. Horizontal latch. 

Swivel Table. 

17 and 18. Bolts to clamp 
swivel table. 

19. Screw to adjust swivel 
table. To ^nd straight or taper, 
see Graduated Scale at end of 
swivel table. 



Fig. 265. — Ghinmno a Running Frr. 
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419. To grind t-[\" running fit (wet), universal grinding 
machine, Fig. 266. 



T- 



SHAFT BLANK— MACHINE 8TEEL 

Fia. 266. — ScHBDnLE Drawino or Grindiko a. Running Fit. 

SCHEDULE OF OPERATIONS. 
RoDflHiNG. Finishing. 

Shaft blank, machine steel, rough turned 1.0780* diameter. 
Corundum grinding wheel 12" X J", No. 54, Grade M, vitrified. 
Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M. Feed 
■i width wheel per revolution. 

Oil bearingB of machine with machine oil. 

True wheel (eee | 403) and centers (see S 404). Set machine to 
grmd stra^ht. See § 406. 



1. Grind to, diameter, (11). 
Arrange water guards A, Fig. 265, 
for grinding. 

2. Unlock horizontal latch 16, 
from latch head 14 throw out 
pawl 9 and move grinding wheel 
back with cross feed wheel 8, then 
mount shaft B on centers. Use 
special grinding dog C with copper 
under set screw. Start wheel, 
work and feed 1, 2, 3, and ad- 
just table dogs 6 and 7 to obtain 
length of stroke and avoid wheel 
striking dog or footstock. 

3. Set automatic cross feed at 
11 and 12 to feed tit^c" "t each 
end of stroke (4 teeth on ratchet). 
Move grinding wheel to %htly cut 
revolving work with hand cross 
feed wheel 8. Throw pawl 9 to 
mesh with 10, and take about two 
trial cuts entire length of work. 



4. Throw out pawl 9 and 
allow wheel to pass over work 
several times until cutting nearly 
dies out without moving cross 
feed, then stop work with grind- 
ing wheel at footstock end with 
shipper brake 2, and measure 
work with 2" micrometer. 

Subtract rough diameter of 
work 1.0620" + .002" for finish- 
ing from reading of micrometer. 
For example, reading of microm- 
eter may be 1.0740" ;then 1,0740" 
- 1.0640' - .0100" for rough 
grinding. As each tooth in ratch- 
et wheel 12 = 1/4/1000" in diam- 
eter of work and work Is .010" 
large, the work is 40 teeth large. 

5. Rough grind .002" large as 
follows: Raise perpendicular latch 
13 in head 14, and without moving 
cross feed, move shield 15 to right 
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SCHEDULE OF OPERATIONS. Cwicfurferf. 



until end of shield and pawl tooth 
are 40 teeth apart, then drop in 
latch 13. Start work (2) when 
shield 15 throws out pawl 9, 
stop work and measure, and 
from reading subtract 1.0620*. 
(LOWC- 1.0620' - .002-.) 

a. Finish grind with pinch 
feed 1/4/1000' m diameter of 
work as follows : Lock lat«h head 
14 with latch 16, start work. 
Take two cuts 1/2/1000' each 



(two pinches at each end of work) . 
Stop work and measure (1.06300. 
Take one cut 1/4/1000' (one pinch 
at footstock end of work) and 
measure and repeat until work 
measures 1.0620'. 

Limit 1.0620' to 1.0615'. 

This shaft is for a running 
fit in lA" hole. Hole Umit 
1,0625'+ or-.00025'. See Run- 
ning Fits, 5 137. Clean machine 
with waste. 



Attention. — After the student has ground a number of problems 
and become familiar with the behavior of machine and the automatic 
feed, he may let wheel pass over work after trial cuts until cutting 
sparks die entirely out, then set automatic feed to finiah grind to diam- 
eter without using pinch feed except for wear of wheel. 

Note. —The student should examine wheel and centers and, 
if in good condition, truing may be omitted. 

420. Adjustments and movements to operate universal and 
tool grinding machine, Fig. 267. 

SCHEDULE OF PARTS, 



1. Shipper to start and stop 
grinding wheel. 

2. Shipper brake to start and 
stop work, 

3. Lever to start or stop long, 
power feed (table teed). 

4. Long, feed hand wheel. 

5. Lever to reverse long, feed 
by hand. 

6 and 7, Dogs to reverse long, 
feed automatically. 

8. Cro8s feed hand wheel. 
Each graduation reduces work 
1/1000" in diameter. 

Fine Cross Feed. 

9. Thumb nut for controlling 
fine or coarse cross feed. 



10. Thumb screw for operat- 
ing fine cross feed. 

Swivel Table. 

17. Bolt tor clamping swivel 
table. 

18. Spring knob tor quick 
adjustment of swivel table, 

19. Thumb screw for fine ad- 
justment of swivel table. To 
grind straight or taper, see Grad- 
uated Scale at end. 

Grinding WheeU. 

20. Hand wheel to elevate 
grinding wheel. 
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UNIVKRMt. AND TOOL ORINDINO MAOHINC 



FiQ. 267. — Grinding a Forcino Fit. 
421. To grind i" forcing fit {iry) with a uoiversal and 
tool grinding mactiine, Fig. 267. 



r 



SHAFT BLANK— MACHINE STEEL 

Fio. 268. — ScHEDnLE Dhawino of Grindino a Forcing Fit. 

SCHEDULE OP OPERATIONS. 
Roughing. Finishing. 

Shaft blank, machine steel, rough turned, 1.075" diameter. 
Corundum grinding wheel 7* X i", No. 80, Grade K, vitrified. 
Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M. ] 
■J width wheel per revolution. 

Oil bearings of machine with machine oil. 

True wheel and centers. Set machine to grind atraight. 



I. Grind to diameter, (IS), 
Fig. 26S. Loosen nut 9, Fig. 267, 
and move grinding wheel back 



with cross feed wheel 8, then 
mount siiaft B on centers. Use 
grinding dog C with copper under 
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SCHEDULE OF OPERATIONS, Concluded 



act screw. Start grinding wheel, 
work and feed 1, 2, 3, and adjust 
dogs 6 and 7 to obtain length of 
stroke of portion D and avoid 
wheel touching shoulder of work. 

2. Move grinding wheel to 
lightly cut revolving work with 
coarse hand cross feed wheel 8. 
Tighten nut 9 and use fine cross 
feed thumb screw 10. Gradu- 
ations on cross feed reduce work 
I/IOOO* in diameter. Take two 
or three trial cuts 1/2/1000" each, 
feeding at footstock end only, and 
allow wheel to pass over work 
until cutting nearly dies out, then 
stop table and work with grinding 
wheel at footstock end with ship- 
pers 3, 2, and measure work with 
a 1" micrometer. 

3. Rough grind .002' lai^ as 
follows: Use 1/2/10O0" cuts with 
thumb screw 10 at footstock end 



only, and grind to 1.0025" + .002" 
- 1.0045". 

For example, reading of mi- 
crometer may be 1.012", then take 
8 cuts and measure (1.0080; 
take 4 cuts and measure (1.0060"); 
take 3 cuts and measure (1.0045"). 
4. Finish grind aa follows r Use 
1/4/1000" cuts and feed at foot- 
stock end only, as follows: Take 

2 cuts and measure (1.0040") ; take 

3 cuts and measure (1.00325") ; 
take one cut and measure, and 
repeat until work measures 
1.0025". 

Limit 1.0025" to 1.0020". 

Attention. — It is to be forced 
into a l"hole. Hole li mit 1.000" + 
or - .00025", See Forcing Fits, 
§140. 

Clean machine with brush and 
waste. 



422. To grind a 

Figs. 269 and 270. 



169. — Gbindino a Mandrel. 
standard mandrel, taper .006" to i," 
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^-i— ^ 



Fig. 270. — Scheoulb Dbawiho or Gbikdinq A' Standabd Mandrel. 



SCHEDTIJLE OF OPERATIONS. 
Roughing. Finishino. 

Mandrel blank, carbon steel, smooth turned .580" diameter. 

Stamped, hardened, and ends tempered. See Etemenls of Machine 
Work. 

Corundum grinding wheel 12" X 4", No. 60, Grade K or L, vitri6ed. 

Speed of wheel 5000 F.P.M. Speed of work SO F.P.M. Feed 
J width of wheel per revolution. 

Oil bearings of machine with machine oil. 

True wheel and centers. Set swivel table to grind the taper. 



1. Lap center holes, (16), 
(17). See.d«eM(ion§310. Grind 
to taper, (18). Grind to diam- 
eter, (l9). Arrange water guards. 
See Fig. 265. 

2. Move grinding. wheel back 
with hand cross feed wheel 8. 

Mount mandrel B on centers 
with dog C on stamped end 
w *thout copper under set screw. 
Start grinding wheel, work and 
feed (I, 2, 3), and adjust dogs 6 
and 7 to length of stroke. 

3. Set automatic teed at 11 
and 12 to feed 1/1000", four teeth 
at each end of work. Move grind- 
ing wheel to lightly cut revolving 
work with hand cross-feed wheel 
8, then throw pawl 9 in mesh and 
take three or four cuts with auto- 
matic feed. Then throw out pawl 
9 and allow wheel to pass over 
work until euttmg nearly dies out. 
Then stop work with grinding 



wheel at footatock end and meas- 
ure both ends with micrometer. 
To correct taper, unclamp nuta 17 
and 18 and move swivel taUe by 
screw 19: take one or two cutswitJi 
automatic cross feed. Measure 
and repeat until taper is correct. 

4. Rough grind .002* large, as 
follows; Measure small end, then 
subtract roughing diameter .562' 
+ .002" for finishing from read- 
ing of micrometer. For example, 
reading of micrometer may be 
.574" - .664" - .010* for rough 
grinding. Set shield 15 and pawl 
9, 40 teeth apart and drop in latch 
13. Start work (shipper 2), and 
when machine stops feeding, stop 
work and measure, and from read- 
ing subtract ,562" (.564' - .662'- 
.002"). 

6. Finish grind with pinch 
feed as foUows: Lock latch head 
14 with horizontal latch 16. 
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PROBLEMS IN CYLINDRICAL GRINDING. 
SCHEDULE OF OPERATIONS. Concluded. 



Start work and pinch feed to 
finish. Take two cuts 1/2/1000 
each (two pinches at each end of 
work), stop work and measure. 
Take one cut 1/4/1000" (one 



pinch) at footstock end of work 
and measure and repeat until 
work measures .562*. Limit 
.56200' to .56175'. 

Clean machine with waste. 



423. To grind a shoulder, Fig. 271. 

Spindle blank, crucible cast steel. 

Alundum grinding wheel (plain) 12" x J', No. 60, Grade K, 
vitrified. 

Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M. 

Feed, ^ width of wheel. 

True wheel and centers. Set machine to grind straight. 

Monnt spindle blank A, recessed as at B for side clearance, 
on centers. Control depth of cut by long, feed, and feed by 



Fia. 271. — Grindinq a SnocLDBft. 

cross feed. If shoulder is large use special wheels mounted 
on end of wheel spindle C and set wheel swivel i° from 90° to 
give clearance. 

424. Plain grinding machine for commercial grinding, 

Fig. 272. — The essential parts of this machine are similar to 
those of a universal grinding machine except that the head- 
stock and wheel slide do not swivel, and the swivel table forms 
a water guard. It is designed for straight and taper outside 
work only. It is made strong and rigid to grind work rapidly, 
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216 PRINCIPLES OF MACHINE WORK. 

Some plaiB grinding machines have a traveling grinding 
wheel instead of a traveling table. 

425. To grind cast-iron roll, A, Fig. 272. 

Roll blanlc, cast iron. Rough turned .010* to .020' large, 

Alundum grinding wheel (plain) 20" X 2", No. 24 Combi- 
nation, Grade K, vitrified. 

Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M. 

Feed, \ width of wheel. 

True wheel and centers. Set machine to grind straight. 
PLAIN GRINDING MACHINE 



Fw. 272. — Grihdinq a CAai-inos Roll. 

Set automatic feed to feed at both ends of stroke and to 
grind .002" large, then use pinch feed to finish. 

Mount roll A on dead centers. 

Place universal back rests 6 to 10 diameters apart and grind 
to required diameter with water. 

426. To grind slender shaft, A, Fig. 273. 

Shaft blank, machine steel smooth turned .012" large. 

Alundum grinding wheel (plain) 12" X \", No. 60, Grade L 
vitrified. 
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Speed of wheel 7000 F.P.M. Speed of work 90 F.P.M. 

Feed, } width of wheel. 

True wheel and centers. Set machine to grind straight. 

Set automatic feed to feed at both ends of stroke and to 
grind .002' large, then use pinch feed to finish. 

Mount shaft A on dead centers. Place three universal 
back rests B against shaft, 6 to 10 diameters apart, see Fig. 273i 
and grind to required diameter. 



Fia. 273. — Grinding a Slender Shaft. 

427. Back rests, plain and universal, are fixtures used to 
reduce vibration and permit a greater depth of cut on straight 
and taper work both large and small. 

The plain rest has a single shoe of wood or soft metal and is 
used for small, short work. 

The universal rests B, B, B can be delicately adjusted. 
Select bronze shoes 1, 1, 1, (see detail) the size of finished 
work, move screws 2 to maintain contact of shoe upon work 
while grinding trial piece, and adjust stop screw 3 to preserve 
diameter when finished. 

Adjust screws 4 and 5 to regulate pressure of springs upon 
shoes and work. 
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218 PRINCIPLES OF MACHINE WORK. 

Duplicate pieces are grouad without disturbing adjustments 
except slightly for wear of shoe 2 and diameter 3. 

Follower rest C is used oa slender work that has been rough 
ground .(Wl* large. It cannot be used on taper work. Adjust 
with wheel and work in motion. 

428. Automatic magnetic sizii^ grinder, Fig. 274. — 

The mechanical automatic feeding mechanism is electrically 
controlled and duplicates straight and taper work regardless 
of wear of grinding wheel. 

A coarse feed for roughing automatically switches to a fine 
feed for finishing, and when work is finished to size the feed 
automatically stops. 

429. To rough and finish grind spindles in an automatic 
magnetic sizing grinder, Fig. 274. Duplicate work. — 

Spindle blank, machine steel, rough turned 0.020" large. 
Corundum grinding wheel (plain) 18" X li", No. 40, Grade 
M, vitrified. 
Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M. 
Feed, J width of wheel. 
True wheel and centers. Set machine to grind straight. 



Fio. 274. — AcTOMATic Sizing liEvicB for Grinding DnrucATE Wohk. 



bv Google 



PEOBLEMS IN CYLINDRICAL GRINDING. 219 

To set automatic sizing device, rough and finish grind one 
piece to required size with automatic mechanical feed, and use 
this as a master piece to set sizing device. Place diamond- 
point bearer .d, on master piece B and adjust arm C by screw 
D to make an electrical contact. Then mount blank for next 
piece on centers. Adjust coarse feed for roughing by screw E 
to feed .001" at each end of stroke, and adjust screw F to 
have magnet G throw out the coarse and throw in the fine 
feed one tooth (one-eighth thousandth) when piece is within 
.002" of size. 

Magnet H throws out latch J and stops feed when piece is 
gound to correct diameter. 

Attention. ~ The coarse and fine feeds and the amount 
allowed for finishing may be varied for different classes of 
work. Dry batteries or a plug in a lamp socket of a direct- 
current circuit will operate device. 

430. To grind a straight and taper bearing on a spindle, 
Fig. 275.— 

Spindle blank, crucible steel unannealed. Rough turned 
.010" to .020" large. 

Corundum grinding wheel (plain) 12" X 1", No. 54, Grade M, 
vitrified. 

Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M. 

Feed, J width of wheel. 

True wheel and centers. 



Fia 275. — Grinding a Taper Spindle. 
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220 PRINCIPLES OF MACHINE WORK. 

Set automatic feed to feed .001" at both ends of stroke and 
to grind .002" large, then use pinch feed to finish. 

Mount spindle A on dead centers. 

Place two universal back rests B and B' against straight 
portions of work. After straight portions are ground, set 
swivel table to grind taper bearing C. To obtain correct 
taper, take light cuts, try taper in box and adjust table until 
taper fits. Use " artists ' " blue for marking in taper hole. 

431. To grind taper collet, A, Fig. 276.— 

Collet blank, machine steel. Rough turned .010" to .020" 
large and recess at B. 

Corundum grinding wheel (plain) 12" X i". No. 54 Combi- 
nation, Grade M, vitrified. 

Speed of wheel 5000 F.P.M. Speed of work 50 F.P.M., 

Feed, \ width of wheel. 

True wheel and centers. 



Fw. 276. — Qhindino a Taper Collet. 

Set automatic feed to feed at both ends of stroke and to 
grind to .002" large, then use pinch feed to finish. 

Place stub mandrel C, C'in taper hole of collet A, mount on 
centers. 

Set swivel table to grind taper. To obtain correct taper, 
take light cuts, try taper in gage or spindle hole and adjust 
table until taper fits. Use " artists' " blue for marking in 
hole. 
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432. To grind a phosphor bronze taper bushing, A, Fig. 

277. — 

Bushing blank, phosphor bronze. Rough turned to enter 

taper hole within f of small end. 

Corundum grinding wheel (plain), 12" X J", No. 54, Grade M, 

vitrified. 
Speed of wheel 7000 F.P.M. Speed of work 75 F.P.M. 
Feed, J width of wheel- 
True wheel and centers. 



Fig. 277. — Grindinq a Bronze Taper Bushing, 
Set automatic feed to feed .001" at both ends of stroke and 

to grind .002" large, then use pinch feed to hnisli. 

Place bushing A on a built-up taper mandrel B and mount 

on dead centers. 

Set swivel table to grind taper. To obtain correct taper, 

take light cuts and test taper in taper hole in frame, and 

adjust table until taper fits. 
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CHAPTER XV. 

DRILLING HACHIHES. VERTICAL DRILLING HACHINE. TWIST 

DRILLS. 6RIHDIH0 DRILLS. SIZES OF DRILLS. SPEEDS 

AND FEEDS OF DRaLS. LAYING DDT AND DRILLING 

HOLES. DEEP DRILLING. 

DRILLING MACHINES. 

433. Dryiing machines are divided into two general classea, 

vertical and horizontal. See Advanced Machine Work. 

Among the first are centering, vertical, multiple spindle, 
and plain radial and universal radial drills. Ainoag the 
second, centering, multiple spindle, and horizontal drilling and 
boring machines. 

There are many special machines in both classes, such as 
portable drills, drills driven by hand, rope, and belt, flexible 
shaft drills, pneumatic drills, and electrically-driven drills. 

Speeds. — Drilling machines with belt and cone drives usu- 
ally give eight speeds — four direct and four with back gears. 
Machines with speed gear boxes usually have sixteen speeds 
— eight direct and eight with back gears. See S 458. 

Feeds. — Drilling machines with belt and cone feeds usu- 
ally give from three to four feeds; and with gear feed boxes, 
from three to six feeds. 



VERTICAL DRILLING MACHINE. 

434. Vertical drilling machine described, Fig. 278.— This 
machine, commonly called a drill press, is an indispensable part 
of a modem manufacturing equipment, and is used for all ordi- 
nary drilling operations. On this type of machine the work 
remains stationary while the revolving drill is fed downward 
through the work by band or by power. 
222 
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VERTICAL DRILLING MACHINE. 



- Veritcxl DRiLUNa Machine. 
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PRINCIPLES OF MACHINE WORK. 



Tight A 



SCHEDULE OF PARTS. 

Loose Pulley Drive. Cone Headstock. Belt Feed. 



A and A' — Double column. 

B — Base table for large work, 
slotted to hold clamping bolts. 

C — Drilling table, revolving. 

D — Arm supporting table 
swiveled on column A. 

E — Headstock. 

F and F' — Back gears and 
lever to throw back gears "in" 
or "out." 

G — Drill spindle. 

ff — Socket tordriU. 

J — DriU. 

K — Feed spindle, splined. 

L — Cone pulley, four steps. 

M and M' — Tight and loose 
pulleys. 

N — Driving belt. 

P — Speed belt. 

Q — Headstock cone puUev. 

R — Spindle. 

S and S' — Bewl gear fast 
to spindle and bevel gear feather 
keyed todrillspindle. Thedriveia 
from N toM through L, P, Q, R, 
S, S' to spindle or with back gears 
in JV, M, L, P, Q, through back 
gears to F, R, S, S' to spindle. 

T — Shipper rod. 

U and V — Feed cones, three 

V — Feed belt. 
W — Spur gears. 
X — Bevel gears. 

Y and Y' — Worm and worm 
gear. 

Z — Rack. A pinion on spin- 
dle of worm gear Y' meshes with 
rack. 

1. Sleeve, in which spindle G 
rotates; its weight and that of 



the spindle b counterbalanced 
by weight in column attached 
to chain shown. It also carries 
rack Z. The feed motion is 
through U, V, U',W, K, X, Y, Y' 
to Z. 

2. Lever to move spindle 
quickly up or down in head to 
lock or unlock clutch throwing in 
or out hand and power feed. 

3. Head, position adjustable 
up or down column. 

4. Lever to adjust head. 

5. Clamp bolt, 

6. Clamp bolt. By unclamp- 
ing 5 and 6 the head 3 can be ad- 
justed by lever 4. 

7. Hand feed wheel. For 
hand feed, lock friction clutch by 
pressing lever 2 inward, then turn 
wheel. 

8. Power feed lever. For 
power feed, bring drill to work 
and lock clutch by lever 2, then 
lock clutch in gear X by pressing 
lever 8 upwards. 

9. Stop, position adjustable. 
:0 and IC. Clamp bolts. By 

unclamping bolts the table C may 
be swung around column A. 

11. Clamp bolt; by unclamp- 
ing may revolve table about its 
center. 

12. Elevation handle. 

13. Elevation screw. 

14. Nut threaded to 13 and 
fitted to arm. 

To adjust table vertically, 
loosen 10 and KK with handle 12, 
turn screw 13 in nut 14. 
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TWIST DRILLS. 



436. Twist drills are made by milling two helical grooves 
of increase twist in a carbon or high-speed steel-drill blank 
(a round bar) to form cutting edges, as in Fig, 279, and to 
carry away the chips. For Three and Four-Groove Drills, 
see § 478. For Drills Twisted from a Flat Bar, see § 444. 

The metal between the grooves is the web, and is thicker 
at shank than at point to make the drill stiffer. The cutting 
edges are A, B, and C, Fig. 279. A drill has three clearances. 
Body and land clearances are given the drill in manufactur- 
ing. The body clearance is obtained by turning or grinding 
the body slightly smaller at the shank end; and the land . 
clearance by milling, leaving narrow lands as at DD' and EE'. 




Fro. 279. — Good and Bad TwiSt Drill Grindino 



When a drill is ground to an angle of 118°, aa at F, the 
cutting edges A and B are straight and correct, but if ground 
to any other angle they will be curved and likely to produce 
an irregular hole. Some drill manufacturers use an angle 
of 126° for the point of the drill instead of 118°. 

The lip clearance, GG', is obtained by the student in grind- 
ing the drill with a twist drill grinder. Fig. 282, or by hand, 
Fig. 283. 
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The angle of point C, Fig. 279, is an indication of the clear- 
ances and should form an angle from 125° to 135° with lip B. 
This gives a lip clearance at G and G' from 10° to 15°, gradu- 
ally increasing from periphery to center. Drill H is badly 
ground. Having no clearance, as indicated by angle of 
point J, it will not cut and may split at the web. Drill K is 
also poorly ground. Having too much clearance, as indicated 
by angle of point L, it will cut but will dull quickly and may 
chatter. 

For very hard material, as unannealed carbon steel, a drill 
will cut more effectively if given a small lip clearance, and 
for soft material, as gray iron castings, it will cut more rap- 
idly if given a larger clearance. 

Attention. — A reamer drill, that is, a drill that is to be 
followed by a reamer, should be care- 
n'lift' ^uUy ground, and it is safest to test 

it in a trial piece, particularly if the 
drill is ground by hand, to see if it 
allows sufhctent for reaming. 

436. The effect of a long and short 

lip, Fig. 280. — A drill ground with lip 

A longer than lip B will cut large, the 

drill following in the path 

of its point CC, not in the 

geometric center line DD'. 

II When point pricks through, 

"i'** the drill rights itself and 

FiQ. 280. — Drill Cut- drills the remainder of the 



t, Larqb, Badly 
Ground. 



hole to the proper t 
at B. 




437. Thinning the point of a twist drill. — As 

a drill is sharpened by grinding, the point be- 
comes thicker on account of the increasing thick- 
ness of the web and requires greater pressure to ^binding. 
make it cut. To remedy this, grind a groove C, Fig. 281, on 
each side with the thin wheel of the grinder C, Fig, 282. 
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GHINDIHG DRILLS 
438. Hacbine method of grinding a twist drill, Fig. 282. 



Fio. 282. — Grindino Twist Drill with Twist-Drill Grindbr. 
SCHEDULE OF PARTS AND OPERATIONS. 



A — Column carrying wheels. 

B — Cup-ahaped grinding 
wheel for grinding lips of drill. 

C — Thin grinding wheel for 
thinning point of drills. See iiS7. 

D — Driving belt. 



- Speed belt. 

- Shipper, operated by the 



G — Drill "holder, swivels in its 
earing. 
H — Bearing for drill holder. 
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SCHEDULE OF PARTS AND OPERATIONS. Concluded. 



I — Arm, adjustable. 

J — Casing for arm. 

K — Clamp wheel. 

h — Wheel which carries pin- 
ion that engages a rack on under 
side of arm /. To move arm / and 
drill bolder in or out, release 
wheel K and revolve wheel L. 

M — Handle to swing arm 
sideways. 

JV — Gage jaws. 

To Grind Drill. 

— Handle to unclamp jaws 
to set for desired clearance as at 
JV', JV', 0', P', to aUow driU to 
just pass through. 

P — Twist drill. 

Q — Lip rest; set drill holder 
forward so that rest will just clear 



439. To grind a twist drill by hand, Fig. 283. — Place drill 
A on rest B agaiast grinding wheel C, with its cutting edge 
in & horizontal position. Lower the left hand slightly to 



grinding wheel, then swivel ia 
bearing H and clamp by wheel K. 

R and R' — V holder. Swing 
holder to left and place drill with 
lip against lip rest Q and project- 
ing slightly beyond it. Hold in 
position by hand. 

S — Footstock. Move it against 
end of drill and clamp. 

T — Feed screw, to regulate 
cut«, which should be light. 
Swing holder to right and cut. 
After one Up is ground, turn the 
driU over and grind the second 
lip, thus making it a counterpart. 

U — E^jcentric sleeve gradu- 
ated to obtain more or less clear- 
ance for cutting different metala. 

V — Wheel to clamp sleeve U. 




Fra. 283. — Grinding Twist Drill by Hamu. 

UigilizKhv Google 



GRINDING DRILLS. 



229 



obtaiB the lip clearance, then turn drill over and repeat on 

second Up. 
Twist drills are obtainable 

with grinding lines AA' and 

BB', Fig. 284, which allow for 

proper angle and location of 

point. As the lipa should be 

of equal length and height, 

their length may be measured 

with a rule as in Fig. 284, and 

their height as in Fig. 285- 

Any irregularity in the cutting 

lips is doubled in action. 

A more rapid and accurate Fig. 284. — MBAsmtrNO Length 

method of testing the angle of •"' ™^ ^"'^^ ^"'■ 

point and length and clearances of lips is to use a twist 

drill grinding gage, as in Fig. 286. Drill A is placed in V 
groove B and gage C adjusted cen- 
tral with drill point by screw Z>. 





FiQ. 285.— Testinq Clear- 
ance AND Height of Cot- 
TiNo Lips op Twist Drill. 



Fio. 286. — Testing Anole o 
Drill Point. 



AUeniion. — It requires intelligent practice to grind i 
twist driU correctly by hand. 
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440. To use a straight-sliank 
twist drill, Fig. 287.— Clean shank 
of chuck and insert in spindle. 
Place drill A in chuck B and 
clamp by screw C operated with 
wrench D, Big. 288. To remove 
chuck from spindle E, drive in 
key F lightly. 

441. Drilling cast iron with a 
twist drill. — The cast-iron chips 
L and L' will come out of the 
hole in large and small fragments 
if the drill is properly ground other- 



n 



Fig. 288. — Drill Chuck Wbbmch. 

wise the chips will be very small 
particles or reduced to powder, 

Aii^ion. — A drill will bore a hole 
slightly larger in cast iron than in 
steel, wrought iron, brass or copper. 

442. To use a taper shank drillt 
Fig. 289. See Horse Standard 
Tapers, §5 648, 649. — Clean shank 
of socket/^ and insert in spindle /, 
and clean shank of drill G and 
insert in socket. To remove drill 
G, drive center key in slot lightly. 

443. Drilling steel or wrought iron 
with a twist driU, Fig. 289.— Steel 
and wrought iron chips M and M' 
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will come out of the hole in long shav- 
ings if the drill is properly ground and 
lubricated with lard oil otherwise the 
chips will break into small fragments- 

AUention. — The taper shanks of 
socket and drill must be clean and 
forced to their seats in spindle and 
■ socket with a quick movement of the 
hand or lightly driven in with a soft 
hammer. 

Note. — ■ Drills are obtainable with 
shanks to fit special machines, aa 

- blacksmiths' drill presses, etc. 

• 444. A twist drill hot-forged and 
twisted from a flat bar is shown in 



Fio. 289. — Drilling Steel Fio. 290. — DniLLiNa Hole s 
OB WaouaHT Iron. Pldo. 
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Fig. 290 drilling a hole for a spark plug in a gas-engine cylin- 
der. These drills are obtainable to fit both the regular and 
special sockets and they are made of high-speed steel, and 
are particularly adapted to rough work of cast iron, boiler- 
plate work, rail work, or any hard and tough material. Twist 
drills regular and special may be used on wood by running 
them at a h^h speed. 

446. A flat drill and set screw driU chuck. — Flat drill A 
B, Fig. 291, is forged from carbon or high-speed steel, 
having a diameter that will fit set screw drill chuck C, and 
is secured to chuck by set screw D. 

Forge it a little large at £, then grind to size and clearance 
at F and F'. Form the cutting lips by grinding. 




Fia. 291. — Flat Drill and Set Screw Drill Chuck. 



This drill is used for all metals, but cuts much slower than 
a twist drill. It can be made very hard and used for drilling 
very hard steel that cannot be drilled with a twist drill. 
A drill often glazes the surface of hard steel, and will not 
cut unless the surface is roughed up by inden- 
tations with a chisel. See Drilling Extra Hard 
Steel, § 101. 

446. To grind a drill for brass or thin sheet 

metal. — The helical grooves of a twist drill 

give the cutting lips acute cutting angles which 

are suitable for steel, wrought iron, and cast 

iron. To drill brass or thin sheet metal, grind 

top faces of both lips flat, about 3'j', to re- 

[ move the rake, as at A, Fig. 292, otherwise 

, the drill is liable to "dig in," catch and 

SbbbtMbtai.. break. 



Fig. 292. - 
Twist Drill ^ 

Grotjnd 
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447. A straight-grcMJve drill, A, Fig. 293, has straight 
grooves which make it a safe drill for any of the eompo^tiooB 




Fw. 293. — Drilunq Brass or Composition. 

of brass or thin sheet metal. It is grooved the same as a 
twist drill. The chuck (socket or drill) may be removed by 
inserting the automatic key or drift B in the slot with the 
right hand and striking it a blow with its weighted handle 
operated with the right hand and receiving the chuck with 
the left. It acts as a combination drift and hammer. These 
drills are obtainable in parts of an inch and also in wire gage 



448. Drilling brass or composition, Fig. 293. — The chips 
will come out of the hole in small angular fragments as at C, 
if the brass or composition is hard (cast) ; and in long shavings 
as at Z>, if soft (rolled). 
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SIZES OF DRILLS. 

449. Regular twist drills with straight or taper shanks 
are obtainable in binary fractions, mixed numbers, and whole 
number sizes from Ve" to 3", and by special order from St'^' 
to 6", and for further convenience, in various gage sizes for 
pinning, doweling, selecting taps, reamer drills, etc. See 
§§ 450, 451, 452. Left-hand drills are obtainable from ,"5" 
to i' by g',". Drills are also obtainable in metric sizes. 

AUention. — Holes up to 3" are usually drilled or drilled 
and reamed, holes from 3' to 6" drilled or bored. Holes 
above 6" are bored. 

Note. — In holes larger than two inches it is best to drill a hole 
from one-half to two-thirds the required size with a two-groove 
drill and finish it with a three or four-groove drill. See § 478. 

460. Large drills are selected by the sizes stamped on 
shanks or they may be measured with calipers. In regular 
drills, one-half inch and less, gages and tables of decimal 
equivalents are obtainable. See Fig. 294 and Table. 







A S 



54 6 466666 



a a i h ^ k h 
0000000 



1 Fractional Size Dmua. 



TABLE 


OF GAGE SIZES IN 


COMMON FRACTIONS AND 




DECIMAL EQUIVALENTS. 


Size. 


Deci- 


Size. 


Deci- 


Size. 


Deci- 


Size. 


Deci- 


Size. 


Deci- 
mal. 


i 


,0625 


^ 


.15625 


i 


.25 


a 


,34375 


iV 


,4375 


.07812 




.17187 




,26562 


1 


.35937 


If 




t 


.09375 




.1875 


I 


.28125 


.375 


.46875 


.10937 


s 


,20312 


^ 


.29687 




.39062 


*+ 


.48437 




.125 


.21875 


s 


.3125 




.40625 


Y 


.50 


A 


.14062 


a 


,23437 


H 


.32812 


.42187 
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461. Letter Drills. — For a greater variety of sizes of drills 
than those already mentioned, 26 drills are obtainable with a 
difference between consecutive sizes of from four thousaadths 
to fourteen thousandths and designated by letters from A to Z. 



TABLE OF LETTER-SIZE DRILLS AND EQUIVALENTS IN 
DECIMALS AND COMMON FRACTIONS. 



Letter 

Sizes. 


Decimals 
OF AN Inch. 


64th of 


Letter 


Decimals 
OF AN Inch. 


Neabebt 
64th or 




.234 
.238 


a 


N 
O 
P 
Q 
R 

T 
U 

W 
X 
Y 
Z 


•!02 








316 
323 
332 
339 
348 
358 
368 
377 
386 
397 


.1 










246 
250 
257 
261 
266 
272 

281 
290 




E 


i 


H 






» 




a 










il 




A 




U 




if 















452. Small drills are also obtainable in sets designated by 
numbers from 1 to 80. These drills have a range of from one 

to eight thousandths of an inch between consecutive sizes. 



OOOOOOOOOOOO 
0000606660666 
0000000000000000 



Fig. 295.- 

SlZEB B 



Steel Wire Gagb. 
60. Half Size. 



See Gages, Figs. 295 and 296, Tables of Decimal Equivalents, 
and American Screw Company's Machine and Wood Screws, 
§656. 
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No. 


Size of 

NrUBER. 


N 3i 
"""■ Nu 


MSBB. 


No. 


Size op 

NUMBBR. 


»<■• n™.2. 


J 


.2280 


16 


1770 


31 


.1200 


46 


0810 


2 




2210 


17 


1730 


32 


.1160 


47 


3785 


3 




2130 


18 


1695 


33 


.1130 


48 


076O 


4 




2090 




1660 




.1110 


49 


0730 


5 




2055 


20 


1610 


35 


.1100 


50 


0700 






2040 


21 


1590 


36 


.1065 


61 


067O 


7 




2010 


22 


1570 


37 


.1040 


62 


0635 


8 




1990 


23 


1540 


38 


.1015 


53 


0596 


9 




1960 


24 


1520 


39 


.0995 


B4 


0660 


10 






25 


1496 


40 


.0980 


66 


0620 






1910 


26 


1470 


41 


.0960 


56 


0465 


12 




1800 


27 


1440 


42 


.0935 


57 


0430 


13 




1850 


28 


1405 


43 


.0890 


68 


0420 


14 




1820 


29 


1360 


44 


.0860 


69 


0410 


15 




1800 


30 


1285 


45 


.0820 


60 


0400 



Fio. 296. — Twist Dbill and Steel Wire Gaqb. 
Subs bt Numbers, 61 to 80. Half Size. 



Num- 


Deci- 


Ncu- 


Deci- 


NCM- 


Deci- 


Num- 


Deci- 


ber. 




BEH. 


MALB. 


BGB. 


UALS. 


bed. 


MAL«. 


61 


.039 


66 


.033 


71 


.026 


76 


.02 


62 


.038 


67 


.032 


72 


.026 


77 


.018 




.037 


68 


-031 


73 


.024 


78 


,016 


64 


.036 




.02925 


74 


.0225 


79 


.0145 


65 


.036 


70 


.028 


76 


.021 


80 


.0136 



463. There are three classes of drills: body, reamer, and tap 
drills. 

Body drills are used to drill a hole to a nominal diameter as 
stamped on the drill, — a J" drill for a J* hole. 
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Reamer drills are used to drill a hole that is to be finished 
by reaming and are usually from yi^" to g^" smaller than the 
reamer. 

Tap drills are used to drill for tapping and have s diameter 
equal to that of the tap at root of thread plus the clearance. 
See Tapping and Threading Sizes, S 534, and also Tables of Tap 
DriUs, §§ 538, 569, 570, 573, 574. 

SPEEDS AND FEEDS OF DRILLS. 

464. To calculate revolution of drill (R.P.M.) given the 
cutting speed and the diameter of drill. 

Multiply the cutting speed by 12 to reduce it to inches, 
then divide by the diameter of the drill multiplied by 
3.1416. 

Examj^e. — The drill ia J" in diameter (high-speed steel 
drill) and it is desired to drill at 50 F.P.M. How many drill 
revolutions are necessary? 

Solutiim, — 

50 X 12 



.750 X 3.1416 



= 254 R.P.M. 



466, Tci, calculate cutting feet of drill (F.P.M.) given 
diameter of drill and drill revolutions per minute. 

Multiply diameter of drill by 3.1416 and by the number of 
drill revolutions, then divide by 12 to reduce to feet. 

Example. — The drill is f in diameter and makes 254 
revolutions per minute. What is the cutting speed? 
» Solution, — 

■750X3.1416X254 ^ ^^ ^^^ 

466. Table of carbon-steel drill speeds and feeds, giving 
both R.P.M. and F.P.M. in order that speed may be tested 
with a speed indicator. See Elementa of Machine Work, or 
Cut-Meter, §94. 

Feed is given in thousandths of an inch per revolution of drill. 
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Cast Ihon. 


Blachihe Ste£l or 
Wrocght Iron. 


Bb*88. 




DlAM. 

Dbill 


R.P.M. 
Fob 35 
F.P.M. 


Feed 
P.R. 


R.P,M. 
For 30 
F.PJ4. 


Feed 
P.R. 


R.P.M. 
For 70 
F.P.M. 


Feed 
PR. 


OE 

Drill. 


A 

a' 

i 


2138 

1070 
712 
535 
427 
356 
305 
267 


.002 

.002 
.002 
,004 
.004 
.004 
.004 
.008 


1832 
916 
610 

468 
366 
305 
261 
229 


.002 
.002 
.002 
.004 
.004 
.004 
.004 
,006 


4276 

2138 
1424 
1070 
854 
712 
610 
534 




002 
002 
002 
004 
004 
004 
004 
008 


1 

* 

4 




Fob 30 

F.P.M. 




'Fob 25 
F.P.M. 




For 60 
F.P.M. 






i 

i 

i 

H 

u 


183 
134 
130 

114 
90 

67 


.008 
.008 
.008 
.012 
-012 
.012 


152 
127 

108 
96 
76 
63 


.006 
.006 
.006 
.009 

.009 


366 
268 
260 
228 
180 
134 




008 
008 
008 
012 
012 
012 


1 

i 

1 




For 26 
F.P.M. 




For 20 
F.P.M. 




For 60 
F.P.M. 






u 

2 
2i 
2i 
2* 


64 
47 
42 
38 
34 
32 


.012 
,016 
.016 
.016 
,016 
,016 


43 

38 
33 
30 

27 
25 


.009 
.012 
.012 
.012 
.012 
012 


108 
94 
84 
70 
68 
64 


.012 
016 
.016 

!oi6 
.016 


If 

2 
2i 
2* 
21 
3 



AUetUion. — Carbon steel varies in hardness. When annealed it 
is moderately soft and may he drilled at nearly as high a speed as 
machine steel, but unannealed it is hard and will require a reduc- 
t'on to about one-half the speed of machine steel. 

Note. — If the cutting of the drill and chips indicates that the 
metal is soft, the speed and feed may be increased, and vice versa, if 
the metal is hard. Keep drills sharp. If a drill is run too fast, the 
outer ends of cutting lips will dull quickly and wear away, as a high 
speed will generate excessive heat and draw the temper at these points 
first. It tlie feed is too coarse, the drill will chip at the cuttmg edges, 
or break, or the drilling machine will stop. 
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467. Table of high-speed steel drill speeds and feeds, giving 
both R.P.M. and F.P.M. in order that speed may be tested 
with a speed indicator (see Elementa of Machine Work), or 
Cut-Meter, S 94. 

Feed is given in thousandths of an inch per revolution of drill. 





Cast Ibon. 


Steel ahb Wrocght Iron 




DlAM. OF 










DiAu. or 


DB.1.L. 


R.P.M. 




R.P.H. 




Driu. 




For 70 


Feed P.R. 


For 60 


' Feed P.R, 






F.P,M. 




FT.M. 






it 


4276 


.003 


3664 


.002 


^ 


i 


2136 


.003 


1833 


.002 


i 


A 


1424 


.003 


1220 


.002 


A 


i 


1070 


.006 


916 


.004 


i 


A 


864 


.OOS 


732 


-004 


A 


I 


712 


.006 


610 


-004 




A 


eio 


.oog 


522 


.008 


A 


i 


534 


,009 


468 


.003 


i 




Fob 60 




Foe 50 








F.P.M. 




F.P,M. 






1 


366 


.013 


804 


,012 


1 


i 


268 


.013 


264 


.012 


i 


i 


260 


.013 


216 


.012 


i 




228 


.013 


190 


.012 


1 


li 


180 


.018 


152 


,016 


li 


u 


134 


.018 


126 


,016 


li 




For 50 




Fob 40 








F.P.M. 




F.P.M. 






11 


108 


.018 


86 


.016 


11 


2 


04 


.027 


76 


.020 


2 


21 


e4 


.027 


66 


,020 


21 


2* 


76 


.027 


60 


,020 


2J 


2* 


6S 


.027 


S4 


.020 


21 


3 


64 


.027 


50 


.020 





Attention. — Speed for braas twice the speed for east iron, and 
same feed per revolution. 

468. Tables of spindle speeds (R.P.H.) for belt-driven ver- 
tical drilling machine and speed lathe. — Select the R.P.M. 
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from the Tables of Drill Speeds and Feeds, etc., §456 or 
S 457, and place belt on step of cone that gives the nearest 







THR0U8HC0«D.«CT 


63 

<D 
<D 

lO 






2" 

IS 




1»l 


3«0 








THROUOH SAC 


QEAR* 







Fio. 297. — Table or Spindle Speeds roR 24-Inch 
Vertical Driiuno Machine. 









O 
l" 




368 
2" 




.?° 


4"* 













Fw. 298. — Table of Spindle Speed fob 11-Inch"Spebd Lathe. 

R.P.M. obtaiaable with machine as given in Tables, Fige. 
297 and 298. 

469. Hand and power feeds. — Vertical drilling machines 
with belt feed usually have three feeds varying, with the dif- 
ferent machines, from .002" to .005" for a fine feed, or from 
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.007" to .010" for a medium feed, and from .015" to .120" for 
a coarse feed, per revolution. 

Belt spindle driven machinea, with gear feed boxes, give a 
range of feeds from .004' to .039" per revolution of spindle. 
Use feed per revolution of spindle that is nearest to that given 
in Tables of Drills, Speeds and Feeds, §§456, 457. 

Speed lathes and most of the small vertical and horizontal 
drilling machines have hand feed only, obtainable by a hand 
wheel or a lever. After grinding a large drill, it is good prac- 
tice before applying the power feed to start it by hand to 
see if it is cutting correctly as determined by the chips pro- 
duced. Very small drills should be started and may be fed 
by hand to avoid breaking. 

460. Table of spindle speeds for a standard hig^-apeed diillr 
ing machine which gives the positions of the levers in the 
speed gear box for 16 speeds at 70 F.P.M. for drilling or 
boring holes from J' to 7" in diameter. 



Hole 

Revolutions . 

Hole 

Revolulioaa , 

Hole 

RevolutioDS , 

Hole 

Revolutions. 



■ i' 

534 


428 


j; 


1' 

3oa 


1* 

267 


214 


■v; 


153 


2' 
134 


2i' 
107 


3' 


3J' 
76 


67 


5* 
63 


6" 
45 


T 



Without 
backgear. 

With lower 

With upper 
backgear. 

With both 
backgears. 



461. Table of gear feeds for a high-speed drilling machine 
obtained from gear feed box in thousandths of an inch per 
revolution of spindle. 



.ooe- 


,009- 


.013" 


.018' 


.027*' 


.03&' 
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LAYING OUT AND DRILLING HOLES. 

462. To drill, ream, tap, and counterbore large or medium- 
size work, use a vertical drilling machine and clamp work to 
table or hold it by the aid of a vise, angle plate, jig, or fix- 
ture, in order that the setting of the work may not be dis- 
turbed during operations, for if disturbed the accuracy may 
be lost, and in many cases the work spoiled. Very large work 
may be clamped to the base table of the machine. Very often 
it is more convenient to drill small work in a speed lathe. 
See §§489-191. 

463. To set spring dividers. A, Fig. 299, to an accurate 
dimension, place lower point in a line on rule B, as at C, and 
move upper point by nut D to coincide with line E. At 
A', B' is shown how rule is tilted so that dividers maybe set 
accurately. 




Fio. 299. — Settinq Dividbus to a Stebl Rule. 

464. To use dividers to describe a circle. Fig. 300. — Set 
dividers F to size, place block G in vise H and indent with 
light center-punch mark at desired location. Then place 
point K in mark, incline dividers slightly in direction of 
revolution and describe circle with point L. 
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Fig. 300. — ^DESCRieiNa Cibcle with Dividers. 

465. Rough drilling. — Determine location of hole in work 
by the eye, then make a heavy center-punch mark in which 
to start point of drill. 

466. ApprozJmate drilling. — Use dividers or surface gage 
to locate the hole, then make heavy center-punch mark in 
which to start drill. Drill hole without drawing the drill. 

467. Accurate drilling, laying out work, Fig. 301. 



Fig. 301. — Laying 




AccuRATH Drilling. 
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PRINCIPIiES OF MACHINE WORK. 
SCHEDULE OF OPERATIONS. 



I Burface of block 
and coat with copper sulphate. 
See Elements of Machine Work. . 

2. Draw center line BC and 
intersecting line FDF lightly 
with surface gage, and center 
punch at point of intereection D. 



3. Deacribe circle E diameter 
of drill and make four or more 
light center-punch marks at F. 

4. Enlarge center-punch mark 
D to guide drill in starting. 



Attention. — For large holes, additional circles may be de- 
scribed inside of size circle to deter- 
mine accuracy of cut before it reaches 
the size circle. 

468. Inspection circle. — Work that 
b laid out by one person and drilled 
by another should have an inspection 
circle, as at A, Fig. 302, outside the 
Bize circle S. This is an inspection 
cheek on both the laying out and the ^'^'^ir^*"^ ^"' 

, .„, ■' ° OUT WTTH AN IkBPEC- 

469. Drawing the driU, Fig. 303. 
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LAYINQ OUT AND DRILLING HOLES. 
SCHED13LE OF OPERATIONS. 



1. Insert drill G in socket H. 
Swing table / until drill will pass 
through any convenient hole in 
table. Clamp and clean table. 



2. Place block A on table and 
bring drill down into center punch 
hole. Clamp with JJ' and KK'. 

3. Start drill and feed by hand 
to cut a little ; if not cutting con- 
centrically as at L, Fig. 304, raise 
drill and "draw"hole with center 



chiael M, Fig. 303, by cutting 
groove N, Fig. 304. 

For a small amount, cut as at 
N', Fig. 305. 




4. Start drill again, using hand- 
feed; if not cutting centrally, re- 
peats. 

5. Loosen work and bring drill 
down into clean conical hole, re- 
clapip, and finish hole with power 
feed. 



Attention. — A drill cannot be " drawn " after it has cut 
to ita full diameter. 

In starting a thick-pointed drill, particularly if a light pres- 




sure ie used, it may cut an irregular cavity, as at A, Fig. 306, 
which may be drawn ae at fi In the same manner as a true 
cavity. 
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470. Accurate drilling, reaming, and tapping holes I, II, 
m, Fig. 307. 




STOCK- CAST- lit 

- Schedule Drawino < 
Rbauing, ane 



r Accurate Drilling, 
Tapping. 



SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 
Stock, cast iron, planed and free from visible defects. 
Oil bearings of drilling machine with machine oil. 
Set hole in table in alinement with drill. 
Use carbon-steel drills. 
For High-apeed Drills, see S 457. 



OPEBATIONB. 


Machines, Speeds, 

Feeds. 


Tools. 


Prepare Burface for marking. 


Vise. 


Copper jawB. 8" or 


(1) See ElemenU of Machine 




KT hand smooth 


Work. 




file, copper ™l- 
phate. 


Draw line (2), intersect at <3). 




Level plate, surface 


<4). (5), center punch inter- 
sections. 




gage or dividers, 

rule, automatic 
center punch. 
(Magnifying glass 
optional.) 


Describe circlea exact diam- 




Dividers, rule, auto- 


eter of drill (], ^ , {) , center 




matic center punch. 








circle. 






EnlarReoenters, (3), (*), (B). 




Hammer, center 
punch. 
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LAYING OUT AND DRILLING HOLES. 
TO DRILL HOLE NO. I. 



Insert drill in spindle and 
cUmp block. 


Vertical drilling ma- 


r taper flhank, twist 
drill, wrench, clamp 
bolts and outs. 


Start drill in center, {3). 


2d or 3d speed, or 170 
R.P.M. Hand feed. 




Draw drill if oecessar;. 








chisel. 


Loosen clamp, center block 
(see t4e9), reclamp and 
drill hole. 


2d or 3d speed, or 170 
R.P.M. Powerfeed. 


Wrench. 



TO DRILL AND REAM HOLE NO. II. 



Drill same as hole No. I. {*). 


Vertical drilling ma- 
chine. 


„-^K,,. ,- ™™., 


Replace drill by a center. 




Conical center. 


Ream hole (see { 290), (6). 




r hand reamer. 





TO DRILL AND TAP BOTTOM HOLE NO. III. 



Use plug tap. Use botlor 



Vertjcal drilling ma- 
chine. 2d or 3d 
speed, or 225 R.P.M. 



j* drill, depth gage. 



Copper jaws, i' X 10 



i' X lOUniledStatea 
Standard pliig tap 

i' X 10 United Stales 
Standard hottom 



471. To drill for set screws. — Locate and drill with a tap 
drill, then tap the hole. See Set Screws, S 563. 
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472. Allowance or limit for bolt holes. — For rough work, 
locate and drill holes with a drill ^" or more, large, to give 
the bolts body clearances as at A, Fig. SOS. 

On fine work the holes are drilled with a body drill, or 
drilled with a reamer drill and reamed, and the bolts fitted 
to the holes. 



Fig. 308. — Clearance op Bout anb Wouk. 
473. Allowance or limit for cap screws or stud bolts. — For 
rough work drill a hole in cap with a drill tIit" <><^ more, large, 
for body clearance, as at A, Fig. 309, and a body drill for 
fine work, then drill hole in frame or bottom part of work 
with a tap drill and tap, as at B. 



Fig. 309. — Using a Cap as an Imphovised Jm. 

474. To drill in alinement for cap screws without jig. 
Three methods. — 

First Method. — Locate and drill a body hole in cap, then 
put cap in place and use it as a templet to mark circle A, 
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Fig. 310. Make four center-punch marks B, and with divid- 
ers locate center of circle and make center-punch mark C. 
Witli C as center, describe circle D, „ 

diameter of tap drill. See Accurate 
Drilling, §§467-47L 

Secovd Method. — Locate and drill 
the body hole in cap, clamp it to 
bottom part and use it as a jig. Run 
body drill down hole in cap and make 
it cut its full diameter in base only. 
Then remove and use the tap drill 
to drill the tap hole. When bolting 
a cap to a shaft bearing or pillow 
block in which two or more cap screws are used, it is best to 
drill and tap one hole and use a cap screw, C, Fig. 309, to 
secure the cap to the shaft bearing while drilUng the other 
holes, D and E, Fig. 309. 

Attention. — If the work has a large number of cap screws 
or studs, as a steam-chest cover or cylinder head, and no jig 
is provided, a tap driU bushjng may be used in the body hole 
in cap to guide the tap drill accurately. ' See Jigs, §§ 495-504. 
,ooY Tu- Third Method. — Clamp 
SlIK S'SA SUSA cap to pillow block, or 
clamp any two pieces to- 
gether, locate and drill 
both parts with tap drill, 
then take cap or top part 
off and enlarge its hole to 
body size of screw with a 
|. counterbore whose head 
diameter is the same as 
the body of the screw, 
and with a guide the di- 
^ - - ameter of tap drill. See 
Lxvmo o™ Dupuc™ Wo... Counterboring, I 576. 

476. Markers for laying out duplicate work, Fig. 311. — 
Plates to be drilled may be laid out rapidly by using one 
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&a a templet, as the cap, Fig. 311, then using a marker, as 
at A. Other styles of marker are shown at C, E, and G. 

476. To drill work held by hand or in a vise on drilling 
table, Fig. 312. — Long work is often held on drilling table 
by hand, or a bolt may be inserted in a hole in the table to 
prevent work revolving with the drill. Small square or flat 
pieces may tie held by a monkey wrench, see Fig. 315. A 
safer and more accurate method ia to hold work in a vise as 
in Fig. 312. Clean table, jaws, and base of vise. Clamp 
vise A to table B by two bolts, one of which is shown at C, 
■to hold block D to be drilled with drill E held in chuck F. 




Place work against fixed jaws and bring the sliding jaw up 
by handle. Rap the work lightly with a lead hammer to 
bed it properly, during and after closing of vise. 

477. To drill work held against an angle plate. See § 278, 
Fig. 313. — Bolt angle plate A to table B by bolts, as at C. 
Clamp bracket D to vertical face of angle plate by straps and 
bolts E and E'. Drill and ream hole through part F parallel 
to base. Jack screw G supports work. 

478. Three and four-groove twist drills for drilling cored 
holes or to follow a two-groove twist drill. Four-groove twist 
drill H, Fig. 313, is used to drill or enlarge cored hole in 
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bracket casting D. These drills are usually made ^'' email 
and are followed by a standard shell reamer. 




Fig. 313.- — Drillinq a Coked Hole in Work 

Clauped to Anole Plate. 

479. To diill diametrically through a shaii. Fig. 314. - 
Secure shaft A on drilling table B in V-groove blocks C ai 




C" by clamps and bolts D and D'. Lay out shaft E in the 
usual way, and set central as follows: Place try square upon 
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PRINCIPLES OF MACHINE WORK, 



table with the edge of the blade against shaft, 6rst at one 
side, then at the other, measuring distance from the blade to 
the center mark and adjusting. Then move table until the 
point of drill will enter center-punch mark, clamp and drill 
hole. 
480. Automatic ilriU chuck and collet, Fig. 315. 




SCHEDULE OF PAETS AND OPERATIONS. 



A — Automatic drill chuck 
taper shank, fite spindle. 

B — Drill press spindle. 

C— Taper shank drill, fits 
taper hole in collet. 

P — Collet, straight ahank. 



E — Groove. 

F — Locking ring. Raise it, 
insert collet, then drop it, which 
will lock two pins in chuck A into 
groove B. To remove collet, 
raise ring and it will drop out. 
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SCHEDULE OF PARTS AND OPERATIONS. Condmkd. 



G — Spherical end of collet 
which prevents it from sbpping 
through hand. 

H — Collet made with straight 
end for use with small drills. 

/ — Block; requires two holes 
drilled. 

J — Wrench to hold block. 

K — Bolt, inserted to prevent 
wrench from revolving. 



L — Drill for first hole. 

Af — First hole drilled, after 
which drill is removed without 
stopping machine. 

N — Second hole to be drilled. 
Drill C inserted as shown, with- 
out stopping machine. 

The. collet is driven by its 
tang and held 'in place by the 
locking pins. 



481. Cutting metal plates by driUing. — 
A metal plate may be cut apart, if the 
cut is straight, by planing, milling, or 
shearing; but if the cut is curved, as in 
Fig. 316, drill holes A, B, C, etc., about li 
diameters apart, and sever walls D, E, F, 
_ etc., with chisel. 




Fia, 316. — CuiTiNo 
A Mbtal Plate 

BT DrILLINO and 

Chipping. 



482. Slotting by drilling, plugging, and 
drilling. — The slot ia laid out on both 
sides, Fig. 317. As a hole that cuts into 
^g ^ another cannot be drilled, drill holes 

A, B and C apart, then plug and 
drill holes D and E to cut away the 
walls. Drive out 
plugs and finish 
slot by filing, slot- 
ting, or milling. 

As a time saver for large lots, a jig may 

be made. 

483. Lead holes for large drills. Fig. 
318. To make the large drill A cut faster, 
first drill " lead " hole B (diameter of d-ill 
same as thickness of point or larger) 

through work C. Draw drill with center Fiq. sis'^^LeId Hole 
chisel as at D, Fig. 319. for a Large Drill. 



Fig. 317. — Slotono by 

Drillino, Plugging, 
AND Drilung. 
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484. To Start drill when the surface is slanting, Fig. 320. — 
First chip or mill surface perpendicular to the drill, as shown 
at A.' Use chalk or copper sulphate on this surface. Center 
and lay out with dividers, then drill in the regular way. 




486. To drill a part of a hole in the tide of a block as at A, 
Fig. 321. — Clamp to the piece to be drilled another block, as 
at B, by clamps as at C, C. Center and lay out in regular 
way. The drUling may be done on drilling table of vertical 
drilling machine, as shown, or at the speed lathe. 

486. A boiler tube hole cutter, A, Fig. 322. — For large 
holes in plate work, special drill A, with a pin guide B to fit 
punched hole in boiler head C is used. It has two cutting lips 
which cut a circular groove and remove an annular ring. 
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Fm. 322. — Drilling ob Cutting Holeb in Booer Head. 

487. Drill eitension, Fig. 323. — Make hole A (diameter of 
the drill) ia the end of a steel rod of suitable length. File 
slot B across bottom of the drilled hole as at C. File flat D 
on the shank of drill. Taper the bottom of slot B slightly ao 
that drill will hold firmly in hole A. The end of drill should 
not abut against side E. 



Fig. 323. — Extension fob Drill. 

488. Leveling work on drilling table. — For rough work, 
use spirit level. For accurate work, test with a piece of bent 
wire with an offset and held in chuck. Rotate spindle slowly 
to swing wire around to test level. 

489. To drill small flat or square work in speed lathe, Fig. 
324, — Place drill A in chuck B, which is attached to live 
spindle by means of an arbor. Hold work C against table 
center D by hand vise E, and support on Tee rest. When 
point of drill breaks through, hold work firmly against table 
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center, as there is ft tendency for the work to draw away and 
break the drill. 



Fig. 324, — Drilling Plat Work n< Speed Lathe. 

490. To drill a hole into or through a shaft at right angles 
to its axis. — Place shaft A, Fig, 325, in V center B, and 
drill C in socket T>, then atart drill carefully to make hole 
central. When hole is to go through work, line out on both 
sides, drill half-way through from each side, using regular 
pointed center against work. 




Fio. 326. — DEimNQ Shaft Held in V Cbntbb in Speed Lathb. 
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^ 491. To drill a hole in the end of a shaft parallel to axis, 

' Fig. 326. — Place shaft A against dead center B and drill by 




drill C in chuck D. To drill a hole clear through center of 
shaft, drill half from each end. See Chucking Work with 
Steady Rest, Advanced Machine Work. 



DEEP DRILLING. 

492. Oil drills for deep drilling, as at A, Fig. 327, provide 
channels for conveying the oil directly to the point of the 
drill to keep it cool. These drills are obtainable in sizes 
from f " to 2" diameter, with both straight and taper shanks. 

For chucking, these drills are fitted with a hose-pipe con- 
nection which is threaded to the side of the drill. 

For rapid drilling, oil is used at a pressure of from 400 lbs. 
to 600 lbs. to the square inch, not only to lubricate the drill 
but also to force out the chips. 

Atiention. — For drilling or chucking in east iron with these 
drills, compressed air may be used both to cool the drill and 
to force the chips out of the drilled hole. 
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493. To drill a deep hole with taper shank oil drill, Fig. 




— Driluno Steel Forging with Oil Drill. Vertical 
Drilling Macs inc. 



SCHEDULE OF PARTS AND OPERATIONS. 



^ — Oil drill. 

B,B' — Oil holes through solid 
metal to point of drill, 

C — Oil supply pipe. 

D — Stationary collar. 

E — Oil socket; oil passes 
through C, hole in E to holes B, B' 
in driU. 

F — Steel forging to be drilled. 

G — Flat vise holding forging F. 



H — Vise base. * 

K — Fixed jaw. 

L — Sliding jaw. 

M — Screw bearing against 
jaw L. 

N — Square end of screw for 
wrench to tighten jaws. 

P — Drilling table. 

Q and Q' (Q* not shown) — 
Bolts holding base of vise to table. 
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494. Hollow drills for spindles, tubes, and gun barrels. 
Fig. 328. 




Fia. 328. — Deep Drilunq with Hollow Oil Drill. Engine Iathk. 
SCHEDULE OF PARTS AND OPERATIONS. 



A — Work to be drilled. 

B — Chuck. 

C — Steady rest. 

D — Threaded end of hollow 
drill screwed into oil tube. Drill 
shown in detail in Fig. 329. 

E — Steel oil tube ; oil follows 
along tube and grooves of drill to 
the point. 



F — Fixture in which hollow 
drill is clamped. 

G — Carriage o(i which fixture 
F is mounted. 

H ~ Oil pipe. 

K — Stuffing box, to prevent 
oil flowing Ijackward. Oil and 
chips are foreed out through hol- 
low shank of drill D. 



Fio. 329. — Hollow Oil Drill for D&bp Drillino. 

Attention. — To start drill accurately, drill hole in end of 
work with a regular drill of the same diameter and to a depth 
equal to the diameter. 

Note. — These drills are obtainable from J" to 3". Deep 
holes above 3" in diameter are drilled or bored with a cutter 
attached to a boring head which is a running fit in the starting 
hole. See Advanced Machine Work. 
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496. The demand for machinery with interchangeable parts 

has compelled builders to design and use drilling jigs, milling 
jigs, planing jigs, gages, and templets to produce standard 
and duplicate parts accurately and economically. See Jig 
Making, Advanced Machine Work. 

496. Drilling jigs are fixtures carefully made with hardened 
bushings to guide drills, reamers, etc., so that their operation 
shall be the same on each piece. They may be divided into 
about five classes, and each class is best adapted to some par- 
ticular kind of work, 

1. Plate jigs are used for flanges, machine frames, etc. 
See SS 498, 499. 

2. Solid jigs are used for work that can be readily clamped 
to jig body. These jigs are preferred by some tor general 
work. See § 509. 

3. Box jigs are used for general work. The work is placed 
in a box, the hinged cover closed and fastened and the work 
held in place by binding screws. See 5§ 502, 504. 

4. Rotary jigs are for work where the jig is too heavy to 
be easily turned over at the drilUng machine. The jig con- 
sists of a box mounted on trunnions to faeihtate revolution. 

5. 'Multiplejigsareforwork that is to be index-drilled. The 
bushings are placed in a turret head. 

497. An improvised jig or templet, Fig. 330. — To drill and 
ream bolt holes B, C, and D, equidistant, in two or more 
flanges: First, lay out, drill, and ream one flange carefully. 
Next, clamp one drilled flange to another in the way they are 
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Fro. 330. — Coupling Flanos. 

to fit, and insert a plug or mandrel through centers A to 
aiioe them. Drill and ream holes in the other flange. Other 
methods are to drill both flanges then ream together, or drill 
and ream in pairs. 

498. Plate (flange) drilling jig, Fig. 331, is a cast-iron disk 
E supplied with a plug FG to aline flange and jig, a hardened 




Fro. 33L — Flange Drillinq Jra. (Plate Jio.) 

Bteel drill bushing H and reamer bushing J. Plug T is for 
alining drill and jig and plug W to prevent relative movement 
of flange and jig. 

UigilizKhv Google 



262 PRINCIPLES OF MACHINE WORK. 

499. To use flange jig, Fig. 332. — Place flange K on parallel 
pieces L and M, with jig N on top of flange; clamp lightly by- 
strap P, block Q, and bolt B to table S. Aline jig and 
drill spindle with plug T, Fig. 331, moving work by rapping 
with a soft hammer until the plug will enter bushing exactly 
central ; clamp firmly. Drill hole with reamer drill V. Substi- 



Fio. 332. — Drilling and Reaming with Flanoe Jio. 

tute reamer bushing/' for drilling bushing i/', and ream with 
fluted reamer V. Place plug W, Fig. 331, in first hole to keep 
jig and flange in alinement as at W, Fig. 332, while drilling 
and reaming second and third holes- Reverse jig to drill the 
second flange, 

600. Drilling and tapping engine cylinder heads. — When 
two pieces of work are to be clamped together with cap screws 
or stud bolts, as a cylinder and cylinder head, two removable 
bushings are required for the jig; the first with body drill 
holes for the head, the second with tap drill holes for the 
cylinder. To tap the holes by hand, a tap bushing is some- 
times used to guide the tap. See Automatic Tapping Attach- 
ment, Fig. 335. 

601. Multiple-spindle drilling macliines are used to save time 
in changing drills, reamers, and counterbores, in moving work 
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from one machine to another, aa is necessary with a one-spin- 
dle drilling machine. One spindle holds a tap drill, another a 
body drill, another a counterbore, etc., all running, and the work 
is moved along the table from one spindle to another without 
stopping the machine. See Figs. 333 and 337. 

602. Box jigs are used to further increase the rapidity and 
accuracy of drilling, reaming, tapping, and counterboring. 

The work is locked in a box provided with accurately 
machined bearings to rest on the drilling table. The jigs are 
made heavy and are held in position by their own weight, thus 
saving the time that would be consumed in clamping and 
alining. 

603. To drill and ream bolt holes in coupling fiange with a 
box jig and a two-spindle high-speed drilling machine, Fig. 333. 



Fig. 333. — Drilling and Rbaminq HoLEa in Cooplino Flanqb 
wrra Box Jio. 
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SCHEDULE OF OPERATIONS. 



}{' High-speed steel drill, 
600 R.P.M. 



1. Place box jig A oa table. 
Insert drill B and reamer C, C Iq 
spindles. 

Locate beads D and E on col- 
umn and clamp stops F and G on 
spindles to limit travel of drill and 
reamer aa tested by passing drill 
and reamer through bushing into 
empty jig, or test drill and reamer 
by lines placed on outeide of jig 
which indicate position of bush- 
ings. 

Place flai^ ff in jig with bub 
up, and secure with button J and 
screw K. Start; machine by ship- 
per L. 



2. With left hand move jig 
to aUne drill bushings with drOl. 
Use lever feed M and drill three 
holea. 

3. Turn jig over as shown, 
dotted, at A'. 

4. Ream the holes, using lever 
feed N. P shows position of 
flange as it is teamed, and Q shows 
two flanges bolted tt^ther^ 

Attention. — Stop G must check 
reamer before it strikes drill bush- 
ing or reamer and bushing will 
be spoiled. 



Note. — Before placing jig on table, and before turning 
jig over, brush off table. 

To prevent abrasion of bushings, drill, and reamer, apply a 
little oil with finger to upper part of drill and reamer. 

604. Box jig for pieces to be drilled, reamed, and tapped 
in different directions, Fig. 334. 

SCHEDULE OF PARTS. 



A — Box jig for pieces to be 
drilled, reamed, and tapped in 
different directions. 

B — Duplicate of work held in 
jig-*- 

C — Cover held in place by 
thumb nut D. 

E and E' — Two of the binding 
screws for adjusting work in jig. 



F — Table. 

G — Hole in piece B that is 
being drilled in the duplicate. 

H — Drilling bushing. 

K — Reaming bushing put in 
position after drillmg. 

L — Drill b'j"' small to allow 
for reaming. 
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VERTICAL DRILUNO MACHINE 




RADIAL DRILLING MACHINES. 

606. Radial drilling machines, commonly called radial drills, 
differ from vertical drilling machinea in that the drill is 
moved to aline with the work, which is more convenient for 
large work, such as machine frames, that cannot be moved 
easily. 

A plain radial drilling machine can be used only for vertical 
drilling, while a universal radial drilling machine may be used 
not only for vertical drilling but may be adjusted, also, to 
drill at almost any angle and used with hand or power feed. 
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606. Plain radial drilUng machine, Fig. 335. 



-Drilling, Automatic Tapping, and Stud Setting. 
SCHEDULE OF PARTS. 



A — R^ial arm ; may be 

swung around column by hand, 
and raised up or down by power. 

B — Column. 

C — Spindle head; may be 
moved back and forth on arm A. 

D — Spindle ;maybe moved up 
and down in head C by iiand. 



E — Levers for quick move- 
ment of spindle D. 

F — Hand wheel for slow 
movement of spindle. 

G — Knob operating clutch 
throwing " in " or " out " power 

H — DriUing table for light work . 
K — Base table for heavy work. 
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607. Automatic tapping attachment. Friction drive. — l,Fig. 
3S5, is shown fitted to the spindle of a radial drilling machine 

for drilling, tapping, and setting studs in an engine cylinder 
2, without stopping or reversing the drill spindle. Socket 3 
holding tap drill 4 is used to drill the hole, and is followed by 
tap 5 in tap socket 6, which in turn is replaced by stud socket 
7 that sets stud 8 in place. Shell 9 holds reversing mechanism 
and is kept from revolving by rod 10 resting against .rod 11. 
The attachment holds drill sockets and will drill holes in the 
regular way. To tap, press spindle Z> downward by hand lever 
E until the tap reaches the bottom of the hole as indicated 
by the slip of the friction' drive, then raise handle E, which 
throws ill the reversing mechanism and backs out the tap. 
After settiug stud 8, raise handle E to back o£E holder 13, 
leaving stud 8 in cylinder 2. See Attention, § 549. 

With some stud holders, stud 8 is released by rapping pin 12 
lightly with a hammer before reversing the holder; on others, 
the release of stud is obtained by a stud nut which operates 
on the principle that the coarser threads of the holder, when 
reversed, will release the finer threads of the stud. The cyl- 
inder is clamped to base table K at 14. For R.P.M. see Power 
Tapping, | 533. 

Attention. — The studs may be set to project to any uniform 
height by using a gage block between stud holder and cylinder. 

Note. - Cap screws, nuts, and slotted screws may be set in 
likQ manner by using special wrenches and screw drivers, 

608. Jig vise. — In the absence of a regular jig, duplicate 
work of certain classes may be done with the aid of a jig vbe 
as in Fig. 336. To use this vise lay out and drill one piece 
and use it as a gage by which to set the stop and jig plate. 
Vise A is heavy and rests without clamping on table B of 
drilUng machine C. Work D is set against adjusting stop E 
and clamped by setting up sliding jaw F with lever G. Jig 
plate H carrying removable bushing K is then adjusted to 
the desired position for the hole and clamped to fixed jaw 
of vise. A radial drilling machine being used, spindle L and 
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drill M may be moved to suit the position of work. Cylin- 
drical distance gage N, cut to its center, is sometimes used to 
set the center of the hole in the jig a given distance from the 

fixed jaw. 



Fia. 336. — Drilling with Jia Vise. 

609. To drill and coimterbore duplicate parts. — In Fig. 337, 

a multiple-spindle drilling machine is arranged to drill and spot 
face casting, as A, A' held by jig B. Insert drill C in apindleD 
and drill a hole until arrested by stop E. A smaller drill in 
spindle F finishes the hole as shown in section at F'. The 
jig is turned over and drill G used to drill the holes in lugs 
H and H' through bushings K and K'. Counterbore L is 
fitted to spindle M for spot facing lugs H and H' for the 
screw or bolt heads. Fixture N of the jig is used to clamp the 
rod of the other half of the strap while it is being drilled. 
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FiQ. 337. — Drillino and Countebboring Dtjplicatb Pahts. 

TAPS AND DIES. 

610. A tap cuts inside threads. Taps are obtainable in all 
standard sizes, right or left, either United States Standard or 
Sharp V threads, and are designed for use by hand or power. 
29°, Ratchet, and Square threads are cut with special taps. 

611. Sizes of taps. — Taps are obtainable from J" diameter 
to 3". See table of U. S. S. and Sharp V-Thread Screws, Taps, 
etc., i 538. Small taps and screws less than \" in diameter 
are obtainable from -^ji" to ^^'' by 64ths in Sharp V threads 
only. See S 574, and Machine Screws, §§ 569-573. 

612. Set of hand taps, Fig. 338. — Taper tap A is turned off 
at end D to root of thread, to enter the drilled hole and also 
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Fia. 338. — Set op Hand Taps. 



to cut the thread gradually. For tap drills, see §§ 538, 569, 

570, 573, 574. Plug tap B ia tapered a little at end E. 
oBoovE Bottoming tap C is not tapered at F. 

E Shank G of all ordinary taps is made 

the same diameter or smaller than root of 
thread. For " jig " tapping, the shank is 
made to full diameter of thread. Threaded 
parts H are the " lands " or teeth. Flutes 
or grooves K form a cutting edge for face 
of the thread and an outlet for chips. The 
diameter and threads per inch and name of 
thread are stamped on each, as " 3 X 10, 

U. S. S." Fig. 339 is a section of a right tap, the land at 

H' and the flute at K'. ■ 




Fio, 339. — Section 
OF RiOHT Tap. 



bv Google 



TAPS AND DIES. 271 

613. Clearance on taps. — The first two or three threads 
are given clearance or " backed off," On large taps the sid^ 
of the teeth are "backed off" by special machines, or by 
hand with a file. 

614. Nut taps are made with long shanks and long threaded 
parts, and in some cases the thread is cut taper on the end 
for about half the length of the threaded portion, so that 
cutting will be gradual. 

616. Pulley taps are long so that 
the wrench may rotate when tapping 
hub of pulley, whether tap passes 
through rim of pulley or by its edge. 

616. Hob or master taps, Fig. 340, 
are for tapping solid bolt dies, ad- 
justable dies, screw plates, etc. Taper 
A" to J" per foot. 

617. An adjustable hand tap, Fig. 
341, is split and adjusted by taper 
screws A and A', and the two parts 
locked by screws B and B'. Such a 
tap is used to enlarge threaded holes. 

618. Automatic taps are used in 
turret lathes, screw machines, etc., by 
power. When desired length of thread 
is cut the tap is closed by hand or 
automatically, and withdrawn, avoid- 
ing reversal of work. See Elements of 

Fig. 341. — Machine Work and Advanced Machine FiQ. 340.— 
Adjustable ^^^ Hob or 

'^**' -*« ™. , . , . , MastehTap. 

619. Taps are sharpened by gnnd- 

ing the front of the teeth radial with a grinding wheel whose 
edge has been rounded over with a diamond tool. They 
may be hand or machine ground. 

620. Tap (reamer) wrenches. See Fig. 344.— In the adjust- 
able tap wrench the jaws are tightened on the tap, so that 
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there will be do loosening of the grip during the operation of 
tapping. ■ 

621. Adjustable Tee tap wrench for small taps, Fig. 342. — 
A carries chuck B adjuated on tap C, and is shown tapping 
nut D held in vise E. 

i n i 



U T*P 
Wl«0 i — C 

NUT I 



Fio. 342. — Tappoto Wiko Nnr. 

622. Single-end tap wrench, Fig. 343. — To tap a hole in a 
corner the tap is steadied with the left hand and rotated with 

the right by means of a 

single-end tap wrench I — I V [\ 

or a ratchet wrench. 1 I - " '■ ' '^ 

A ratchet wrench is j._^ 343. - SmoL.-Em T», W«»C8. 
usually operated with 

one hand, thus lessening the liability of breaking the tap. 

623. Tap holes are either drilled in solid stock, punched, 
cored and drilled, or cored and bored. As a screw or bolt 
should enter a tapped hole in the frame of a machine about IJ 
times its diameter, the hole is drilled to a depth of twice the 
diameter of the screw and then tapped to a depth of about 1| 
times its diameter. 
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Attention. — Do not start a tap in a cored hole, aa the 
surface is hard, and covered with sand and scale. This method 
would dull the tap. 

624. Loose nuts. See Alinement Tapping, {$626, 627. 
Less than 1" are threaded in a vise with a tap. Large nuts 
are threaded in a lathe, or rough threaded in a lathe and 
finished with a tap. See S 594. 

Nuts that are to be finished are tapped as accurately as can 
be determined by the eye. Then they are squared at a right 
angle to the axis of the thread. See Nut Mandrels, | 256. 

626. Hand tapping a rou^ nut, Fig. 344. — The holes in 
machine steel or wrought iron, hexagonal and square cold- 
pressed nut blanks, usually come punched the correct diameter 
for tapping. 



/ / HAND 

/ / TAPPING ^•»;, 




Fjo. 344. — Tailing Hexaqonai. Not Blank. Affroxiuate Tapping. 
SCHEDULE OF OPERATIONS. 



1. Place nut A level in vise B 
and drop lard oil on threads of 
right tap C. 

2. Place wrench D on tap and 
hold tap perpendicular to face of 
nut. Rotate wrench D to right, at 
same time pressing hard, down- 
ward, until thread catches or it 
may ream hole. 



3. Sight t)Lp in front and at 
side ; if it is out of true, correct by 
turning tap backward, then for- 
ward, exerting correcting side 
pressure on forward stroke only. 

4. Oil tap freely. After each 
forward stroke, back tap part of a 
turn to allow chips to drop out 
and oil to reach t^th. 
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Attention. — Press evenly on both handles and make tap 
cut true while first few threads are being cut. To make cor- 
rection after threads are firmly caught may break the tap. 

A tap that is difficult to start may be started dry, then oiled. 
Small taps, J" and less diameter, spring considerably before 
they break. When a tap begins to spring, back it out, clean, 
and oil. 

626. Accurate hand tappine- Three methods. Figs. 345, 
346, 347.— 

Holes in pillow blocks, frames of machines, etc., must be 
tapped in alinement to the machined surface or the bolts, 
cap screws, stud bolts, etc., will bind and may prevent 
them from being bolted in place. The most accurate tap- 
ping is done in a drilling machine before work is undamped, 
Mg. 345. 

If more expedient to remove work from drill press before 
tapping, a tapping jig may be used as shown in Fig. 346. In 
the absence of a tapping jig, a hole may be accurately tapped 
by testing with a square, as shown in Fig. 347. 

SCHEDULES OF OPERATIONS, MACHINES AND TOOLS. 

627. Tapping in vertical drilling machine, Fig. 345. 
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1. Clamp block ^ to table B by , 
clamps C and C. Clamp table. 
Drill hole to desii«d diameter. 

2. Remove drill and insert 
renter D on spindle. Place 
wrencb E on tap F, insert in | 



hole and bring center D down, 
into countersink in end of tap. 

3. Tap in regular way, keeping 
tap central by following it with 
center D. 



528. Jig tapping, Fig. 346. 




A 



r^o 



Fm. 346. — Tapping wtth Jig. Fig. 347. — Testing Tap wtth 
Accurate Tappino. TrtSquams. Accurate Tapping. 



1. Aline work A and jig C 
by plug D having a diameter at 
E the same as that of the lap and 
at F the same as that of the hole 
in the work. 



2. Fasten A and C together 
with clamp G, remove plug and tap 
in regular way with jig tap S. 

Attention. — The hole in jig ia 
the full diameter of tap. 



Testing tap with try square, Fig. 347. 



1. Insert right taper tap A in 
hole in work B held in vise C; 
rotate to r^ht and press down- 
ward hard until thread catches. 

2. Remove wrench and teat 
alinement of tap with square 
by placing beam D on work and 
blade E against shank of tap. 



The nature of light line between starting tap. 



blade and shank of tap will 
indicate correction to be made. 

Test with square at two posi- 
tions at 90° to each other. 

3. If tap is not in alinement, 
correct as in $ 525. 

AUerUion. — Test with square 
frequenlty during operation of 
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630. Tapping " through " holes and " bottom " holes. — 

To tap a' " through " hole, as a 'nut, uae a taper tap. To 
tap a "bottom" hole, uae three taps: first, the taper tap; 
second, the plug tap; third, the bottoming tap. When the 
nature of the work will admit, drill the hole deeper than the 
length of screw to avoid using a bottoming tap. 

631. To make a tap cut large. — In the absence of a largi 
tap, or an adjustable tap, roll cotton waste as at A, Fig. 348, 
and insert it into grooves of tap B, then run the tap through 
nut C held in vise D. If necessary, repeat with more waste 
or a narrow strip of sheet copper or brass. 



FiQ. 348. — Making a. Tap Cut Larok. 

632. Removing broken taps. — The sldllful use of a center 
punch or chisel and hammer will sometimes remove a broken 
tap. If the work is small, it may be annealed and drilled out. 

Fig. 349 shows a mechanical method of removing a broken 
tap. Box A held in viae B shows a broken tap C. Four 
fingers of tap remover D, two of which are shown at E and £', 
are pushed down into grooves of tap by collar F. Sleeve G 
is then pressed down close to work and tap removed by 
rotating tap wrench H. 
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Fra. 349. — Removing a Broeen Tap. 

633. Power tapping. — Taps are uaed by power in drilling 
machines, boring machines, turret lathes, and nut-tapping 
machines. See H 506, 507, also Advanced Machine Work. 
Taps may be used safely at from one-third to one-half the 
R.P.M. of drills (see §S 454-^57) for holes not deeper than IJ 
*,imes diameter of tap. For deeper holes the speed must be less. 

684. Tapping and threading sizes, — To avoid breaking the 
■.ap or tapping a full thread, which is not desirable, especially 
on east iron, the tap drill or bore of hole in lathe work should 
be larger than the theoretical root diameter of tap. To avoid a 
full thread on a screw threaded in an engine lathe or a full and 
torn thread when cut with a die, the screw blank should be 
smaller than the nominal diameter of screw. 

The amount that the tap drill should be large or screw blank 
Small varies for different classes of work and with different 
users, but in general it is for United States Standard thread 
from .004* for a J" thread to .010' for a 3" thread; and for a 
Sharp V thread, from .010" for a i" thread to .060" for a 3" 
thread. 

AUenHon. — When United States Standard thread taps, 
which are used to tap the nuts, are made to a larger diameter 
at the top of the thread to allow for clearance, it is unneces- 
sary to turn the screw blank small. 
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636. Diameter of a tap drill, A, Fig. 350, equals the diam- 
eter at root of thread, as at B, for United States Standard 

and Sharp V-thread taps plus the allowances 
o«i>L given in § 534. The approximate method 

of finding this is to measure the root 
diameter of the tap with thin, pointed 
calipers (see § 216),! but the more accu- 
rate method is by calculation. 

636. To calculate root diameter for Sharp 
V thread. 

Fig. 350. — Rela- Constant: 1.732 = double depth of a 1" 
■now OF Drill to P Sharp V thread. 
Tapped Hole. 

Formvla : 

Outside diam. of tap — ;■ ■ ,, '-^ :— r = diam. of tap 

•^ No. threads per inch 

drill. 

Example. — Find diameter of drill for |" tap, 10 Sharp V 
threads per inch. 
Solution. — .750 - ^^^ = .5768. 
Use f r tap drill. See S 33 and Table, S 538. 

637. To calculate root diameter for United States Standard 
thread. 

Constant: 1.299 = double depth of a 1' P United States 

Standard thread, 

Formula: 

Outside diam. of tap — r^ — -. '-. : — r = diam. of drill. 

No. threads per inch 

Example. — Find diameter of drill for i' tap, 20 United 
States Standard threads per inch. 

Solution.— .250- ^^ = .185, diameter of drill. 

Use A" tap drill. 
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638. Table of United States Standard and Sharp V-thread 
screws, taps, and tap drill sizes which are also ttie sizes to 
bore holes for inside threads. 



Diameter 
Tap. 


No.ofThbe 


Aoa FEB Inch. 


Sizes op Tap Drilij}. 


U. S. S, 


SUABP V. 


U. 8. S. 


ShahpV. 


i 


20 


20 


ftorll 


ft. ,14 


ft 


18 


18 


H«c 


M.rl 


1 


16 


16 


JlorN 


HorL 


ft 


14 


14 


Ho,s 


«o,R 


} 




12 




It 


1 


13 


13 


M 


J 
ft 










12 


12 


"li 


1 


11 


11 


11 


1 


« 


11 


11 


ii 


ft 


1 


10 


10 


» 


1! 


« 


10 


10 


11 


1> 


i 







» 


ii 


H 





8 


)1 

i! 


it 
i! 


ij 




7 


H 


!» 


11 




7 


lA 


lA 


li 




6 


iH 


U 


11 




6 


Hi 


IH 


U 


SI 


5 


m 


HI 


li 




5 


11 


iH 


11 




41 


i» 


lit 


2 


ti 


41 


lii 


i»I 


21 


li 


41 


HI 


lii 


21 




4 


ift 


21 


21 




4 


2ft 


2» 


3 


31 


3) 


211 


2ft 



Attention. — For screws and taps smaller than i", see S§ 565- 
574. 

639. A die cuts outside threads on screws, bolts, rods, £tc., 
usually with one cut by hand or power, and this size is desig- 
nated by the diameter of the screw it will cut. Right or left, 
United States Standard, Sharp V, 29°, and Ratchet threads 
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can be cut with dies, but Square threads cannot be successfully 
cut by them. 

Dies are made by drilling and tapping die blank with taper 
hob or master tap (see S 516) from the back to give it body 
clearance. 

The flutes are made by drilling and filing, or milliiig to pro- 
duce radial cutting edges for general work. Negative cutting 
edges are used for brass. The muzzle or cutter side is 
tapered or chamfered to enable die to start centrally and cut 
thread gradually. 

' 640. Sizes of dies. — Solid and separate dies are obtainable 
in all standard sizes in United States Standard or Sharp V 
threads to match taps. See Table, £ 538. 

641. Autonifttic dies are used in turret lathes, screw ma- 
chines, and bolt cutters operating by power. They are made in 
sections and held in die head so that when desired length of 
thread is cut die is opened by hand, or automatically, and 
withdrawn, avoiding reversal of work, 

6^. Solid dies aie sometimes sharpened by grinding with 
a small grinding wheel. See Advanced Machine Wcrk. 

Dies made in halves are sharpened with a thin wheel, and 
chasers, of which automatic dies are composed, are ground 
separately with an ordinary wheel. 

643. Power (die) threading. — Dies are used by power in 
drilling machines, screw machines, turret lathes, and bolt 
cutters. They are run at a cutting speed of one-third that 
of drills, see 5S 454-*57, or from 10 to 20 F.P.M. This speed 
may be increased if material is very soft, as screw machine 
stock, and abundant lubricant is used. 

Attention. — Carelessly threading with a die or without a 
lubricant at too high a speed, as 75 or 100 F.P.M., would injure 
a die so badly that it could not be used at a higher speed than 
6 or 8 F.P.M. until sharpened or replaced by a new one. 
Slow speed and an abundant supply of lubricant keep the 
die cool, which is necessary for accurate work and the pres- 
ervation of the die. 
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644. Hand (die) threading. — To thread bolt by hand with 
die and die stock. Fig. 351. 




Illh^^ 




FiQ. 351. — ^Threadino Bolt or Rod bt Hand, 



SCHEDULE OF OPERATIONS, 



Place die A in stock B and hold 
bolt C in viae D. Die ia ahown 
in detail at E, F. Top side E 
has full thread to surface and is 
stamped "}' X 10, U. 8. S." 
Place die muzzle side down in 
stock and gently fasten by aet 
screw G, entering cavity H. Put 
guide bushing K in bottom of 
stock and fasten by thumb 
screw L. File an even bevel on 
end of bolt to start die. Oil end 
of bolt through top of die and 
force die onto bolt with downward 
pressure and rotation of handles 
to the right until die cute a few 
threads, after which it will not 



need downward pressure but will 
feed itself. Oil, and occasionally 
rotate backward to allow chips 
to drop out and oil to reach cut- 
ting edges. To terminate thread 
abruptly, turn die and Htock over 
and use side E. Die is spring- 
tempered at Jlf , and adjusted by 
taper screw at JV, N'. Some 
dies have taper pin adjustment 
and in place of bushing have ad- 
justable jaws to guide die. 

AUerUion. — Dies are often 
used to size screws that have been 
roi^h threaded in the lathe, as 
they finish work nicety, produce 
uniform sizes, and save lime. 
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CHAPTER XVII. 

BOLTS AHB ITUTS. CAP AND SET SCREWS. HACHDIE SCREWS. 

COUnTERBORIHG ARD CODHTERSraEIHG. CALCULAT- 

IRG DIAMETER OF BLANK TO HILL SQUARE OR 

HEXAGONAL. IHDEXmO HV EHGDIE LATHE. 

BOLTS AND NUTS. 

646. A bolt, Fig. 352, is a rod of metal with a head at one 

end and a thread and nut at the other. It is used to fasten 

together two or more pieces of aay material. Bolts are 



Fio. 352. — Claufinq with Bolt. 

made of steel, iron, and bronze. See Table of United States 
Standard Bolt Heads and Nuts, S§ 641, 642. 

The length of the bolt is measured from under the head 
to the point, therefore a bolt will clamp its length minus 
the thickness of the nut. Bolts under 20 inches are usually 
threaded about 2 times their diameter; over 20 inches, about 3 
times. 

While the most common forms of heads are square or 
hexagonal, as in Fig. 353, bolts with various styles of heads 
are obtainable, as eye bolts, bolts with skew heads, eccen- 
28a 
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trie heads, key heads, etc. Bolts may be obtained with brass, 
.copper and bronee heads electrically welded to steel bodies, 
and are largely used in electrical and government work. See 
Cap Screws § 557. 

There are three classes of bolts: 

First, rough bolts which are forged and threaded without 
machining. 

Second, semi-finished bolts with body and under-head and 
nut machined. 

Third, finished bolts which are machined all over. 

They are obtainable rough forged and machined, or ma- 
chined from bar stock. 



niD 




Hexaqonal Hbi 



Planer Head. 



Improvised Bolt. Stud Bolt. 

FiQ. 353. — Different Kinds of Bolts. 
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646. Planer bolts, Fig. 353-3, have thin and flat hexagonal, 

or square heads to fit Tee slots, and are used to bolt work to 
planer and other machine tables. A 
rough iron washer is generally used un- 
der the nut. Thin nuts are obtamable. 
M7. An improTieed bolt, Fig, 353-4, 
often called a double-end bolt, may be 
made quickly by threading both ends 
of a rod and using two nuts. 

MS. Stud bolts, Fig. 354, have one 
end threaded to screw hard into work 
B and the other to receive nut C to 
fasten head D to cylinder. As the 

comers of nuts and bolt heads scar 

finished work, the sides are often 
squared down to the flats as at E. 
649. Setting studs. — Studs may be set in place by hand or 

power. See §§ 506, 507. To set studs by hand use a stud 

holder, Fig. 355, which 

consists of block A, 

screw B, and lock 

nut C. Stud D is 

screwed into the cyl- 
inder head by hand. 

Holder A is screwed 

on stud D any desired 

distance, and screw B 

is set against stud D 

and locked with nut 

C; then a wrench is 

used on the holder to """ ""-^ 

set the stud. The 

height of the studs Fio.355.- 

in the cylinder head 

should be uniform and is determmed by the distance stud D 

is screwed in holder A, and height of gage block F. 

Attention. — Always clean and oil a screw before screwing it 

in nut or work. See § 593. 
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660. Expansion bolt A, Fig. 356. — An expansion bolt 
is used to bolt a machine, plank, or bracket, as at B, to brick 
or stone walls where it is not desirable to drill holes entirely 



through. As nut C is tightened the tapered head A' forces 
expanding bushing D against walls of hole. See Lag Screws, 
§560. 

661. Headless bolts may be secured in holes in a stone 
foundation by scarring, running in hot lead, and calking. 
Sulphur or type metal is sometimes used and not calked. 

662. A nut, Fig. 357, is a block of metal which may be of 
any shape with a threaded hole to receive the threaded end 
of a bolt, rod, or screw. While the _ 

most common forms of nuts are square 
or hexagonal, either cold punched or 
hot pressed, special nuts of various , 
styles are obtainable, as collar nuts 
which have to be operated with pin or 
spanner wrench, and regular and cap 
or blind nuts combined with the washer 
for special work, etc. 

663. Lockor checkouts, Fig. 357.— Fia. 357. — Lock Not to 
When nut as at A and bolts as at B P«event Loosening of 

, . , , , , . . J . Requlab Nut, 

are subjected to much jarnng and m 

danger of becoming loose, a second nut which may be thinner 

as at C, and called a " lock " or " cheek " nut, is first put on 

and screwed to bind hard on the work or cap D, and held with 
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a wrench while the regular nut A is screwed down hard against 
it. If a loose conoectioti is desired on the cap or other work, 
the regular nut A is held with a wrench and lock nut C backed 
hard against it. 

664. Spring cotter or split pin. — A method used to prevent 
the nut from becoming lost is to insert a spring cotter into 
a hole bored through the end of the stud or bolt above or in 
back of the nut. The ends of the cotter are spread apart, 
which prevents it from dropping out. 

666. A castle (automobile) nut, Fig. 358, is a still safer 
method. Bolt A protrudes through the nut B which is pro- 
vided with diametrical slots. Spring 
cotter C passes through a slot and 
through a hole in the bolt, and its 
points are spread as at D. Spring 
keys similar to the split pin C, made 
of flat steel, are much used. See 
§§ 639, 640. 

A spring cotter alone prevents 
an ordinary nut from backing off, 
and if used with a castle nut pre- 
vents the nut from moving either way. 

666. Tumbuckles are used to connect and regulate the 
length or tension of truss rods, tie rods, pipes, or wires. They 
are either machined from hexagonal stock as at A in Fig. 




Jc^t^Zjp^ 



359, or forged and turned and supplied with right and left 
threads or with a right thread on one end and a swivel on 
the other. Lock nuts are sometimes used as shown. 
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CAP AND SET SCREWS. 



667. Cap screws are used to fasten one piece of metal not 
threaded to another that is threaded, as in Fig. 360. They 



Fig. 360. — Clamping with Cap Scbew, 

differ from a bolt in that they are not supplied with a nut. 
See § 473. They are made in steel, iron, or brass, with differ- 
ently shaped heads such as square, hexagonal, round, flat, 
etc.. Fig. 361. Cap screws with brass, copper, and bronze 
heads electrically welded to steel bodies are also obtainable; 
See Bolts, § 545. 

Cap screws range in diameters from i" to 11", United 
States Standard 'and Sharp V threads. See Table of Tap 
Drills, § 538. 

The length of square, hexagonal, round, and flllister head 
cap screws is measured from under head to point. Flat 
and oval countersunk heads are measured over all. These 
have an included angle from 72° to 82°. See Machine Screws, 
§565. 

There is no universal standard of heads, but different 
screw manufacturers have standards of their own which 
differ from one another. See Counterboring, § 575, and 
Countersinking, § 579. 

To avoid special wrenches, cap screws with heads the same 
size as United States Standard bolt heads and nuts are 
obtainable. See §5 640, 641. 
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HexagoDal Head 
Tap Bolt. 



Oval Fillister Head. Flat Fillister Head. 




Round Head. CoUDtetsUDk Head. Oval Countersunk 
Head. 
Fig. 361. — DirrEBBUT Kinds or Cap Screws. 



Short screws are usually threaded to the head. Long 
screws are threaded about two-thirds the length of the body. 

668. Tap bolts, Fig. 361, are cap screws threaded to the 
head to clamp a thin piece pf work to a thick one. 
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669. Dowel pins to insure alinement in erecting mactiin- 
ery. — These pins are especially useful where machines have to 
be taken apart and re-erected, as they preserve alinement 
independent of the cap screws or bolts. 
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Fia. 362. — Use op Dowel Pins. 

Bracket A, Fig. 362, forming a bearing for shaft B, is 
fastened to bed C by screws D and E. To always insure 
alinement of the bearing after once adjusted, use at least 
two pins as at F, F' and G, G'. They are usually made a 
driving fit in one part and an easy fit in the other-part. On 
some classes of large work taper dowel pins are used to fit 
taper holes. 

660. Lag screws, A, Fig. 363, are used to fasten machines 
to the floor or light hangers, as B to hanger plank C. Bore ' 
holes for lag screws slightly larger than the root diameter of 
the screw. Lubricate the screw with soap, tallow, or oil. 
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start by driving slightly. Split tapering sleeves of malleable 
iron with projections to grip the walls of the hole, and with 
inside threads to fit lag screws, are obtainable, and are used 
as expansion boltB. See Expansion Bolts, § 550. 



Fia. 363. — Fastening a Hanger 
WITH A Lag Screw. 

561. Hanger bolts, for fastening large hangers and pillow 
blocks, are threaded as a lag screw at one end and as a belt 
at the other to receive a nut, and are operated with a pipe 
wrench, or by locking two nuts together on the threaded por- 
tions and using a monkey wrench. 

662. Wood screws are obtainable in diameters from Nos. to 
30 by the American Screw Company's gage, Fig. 372, and 
in length from \" to 6", The length, except round heads, is 
measured over all, and the threaded portion is about three- 
fifths of the length. Round heads are measured under the 
head but come a little short. For example, 1" and under will 
come about -^" short, and over an inch about \" short. There 
is no standard number of threads per inch. Flat and oval 
countersunk heads have an included angle from 72° to 82°, 
See Countersink, § 579. These screws are designated thus: 

li" X 10, flat head, bright, 
li" X 9, raund " , blued. 
1" X 6, flat " , brass, etc. 
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WOOD SCREW 



Wood screws are often used to fasten metal to a wooden 
backing. Fig. 364. Flat-head screw A fastens wrought-iron 
bar B to wood C. A body hole is drilled through metal B 
and countersunk. As a wood screw makes its own nut, it is 
often permissible to force a small screw 
into soft wood without boring a hole; 
still, for a large screw, or hard wood, 
or nice work, a hole should be bored to 
nearly the size of the root diameter of 
the screw, and the screw lubricated. 
For rough work and soft wood a reg- 
ular screw is often driven from one- 
half to two-thirds its length with a 
hammer, then turned to its seat with a 
screw driver. A special drive wood 
screw is obtainable which may be 
driven its entire length with a hammer. 
It is removed with a screw driver. 

Wood screws are supplied with lead nuts and are often used 
as expansion bolts in marble or slate. See Expansion Bolt, S 550- 

To fasten metal fixtures to slate or marble, wood screws and 
litharge are also used. A body hole is drilled in the slate or 
marble, which is filled with litharge mixed with boiled linseed 
oil or glycerine and the screw is forced into this preparation. 




Round Point. 


Headless Cup Headlefia Cone 
Point. Point. 
Fig. 365. — Set Screws. 


Haneer Pivot 
Point. 



663. Set screws, ¥\g. 365, are used to fasten pulleys to 
shafts, and for other work of similar nature. See § 317, also 
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Advaitced Machine Work. Set screws are obtainable ease- 
hardened, of steel or iron, in diameters from J" to IJ", United 
States Standard and Sharp V threads. Length of screw is 
measured from under head to point. Headless screws are 
measured over all. 

664. Thumb screws and wing nut, Fig. 366. — Thumb 
screws and wing nuts are obtainable in steel, iron, and brass, 




Nurled Head. 
— Thumb Screws a 



Wing Thumb Nut. 
) WiNO Nut. 



and range in diameter from i" to 1' in regular sizes and from 
to 30 in machine screw sizes. See § 565. Length of screw 
is measured from under the head to the point, 

MACHINE SCREWS, 
665. Numbered screws, called machine screws, and desig- 
nated thus: 10 X 30, meaning 10 size and 30 threads per inch, 
are used to obtsun a greater variety of sizes in screws less 
than one-half inch in diameter instead of those measured 
in binary fractions as A" X 30. See § 574. There are two 
standards: The American Society of Mechanical En^neers' 
Standard Machine Screw (see §569), which has the United 
States Standard form of thread, and the American Screw 
Company's Machine Screw (see §573), which has the Sharp 
V form of thread. The numbers range from to 30, with 
standard and special number of threads per inch. See Gage, 
Fig. 372. 
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They are used in general manufacturing, experimental 
work, and in building apparatus. The screws are obtain- 

¥ f S ! I 



Fig. 367. — Machine ScHBwa, 

able in steel and iron either bright or blued, and in brass, as 
in Fig. 367. 

The sizes of the screw heads of both standards are nearly 
the same. The length of the screw is measured the same as 
are cap screws, and the length of the threaded 
portions and the angle of the countersink heads 
are also the same. See Cap Screws, § 557. See 
Wood Screws, § 562. For Counterboring, see 
§ 576. For Countersinking, see § 579. To use a 

machine screw as a bolt a hexagonal or square pi,,. 368. 

nut is obtainable, and applied as in Fig. 368. „ Machine 

666. Machine screw taps are obtainable in 
standard and special numbered sizes the same as machine 

< H .^ ^^^ 

Fio. 369. — Machine Scebw Plvo Tap, 



screws. A plug tap, as in Fig. 369, is the most used. Taper 
or bottoming taps are seldom needed. The taps may be 
used to tap work held in a chuck in a speed lathe, § 338, or 
the tapping may be started in the lathe and finished at the 
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vise. Rg. 370 shows method of tapping a hole in a collar for 
a machine screw. 



Warning. — As the smaller sizes of these taps break very easily, 
use a tap drill large enough to allow for three-quarters or seven- 
eighths of a full thread only, and apply an even and delicate 
pressure on the tap-wrench handle. Rotate tap gently forward 
and backward and when the muscle sense indicates that the 
tap is springing, rotate it backward to prevent breaking. See 
§§ 522-525. 

667. Machine screw dies are obtidnable In standard and 
special numbered sizes, the same as machine screws, and usu- 
ally round and adjustable as at A, Fig. 371. By means of 
the taper pin B or a taper screw, the die may be made to cut 
slightly large or small to obtdn a desired fit of screw in nut. 
The die is held in the die stock by means of & set screw, see 
i 544. 

While regular machine screws are obtainable, it is often 
desirable to make screws with special heads or of special 
lengths as at C and C, Fig. 371. Rod D may be held in a 
universal chuck E (or in one of the spring (draw in) chucks as 
at F) in the hollow spindle universal hand lathe, and turned 
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to dssired size and chamfered. Die and die stock G are held 
agtdnst table center H with muzzle or chamfered end of die 
on screw blank and die stock supported by Tee rest J. The 
belt K is pulled with left hand to rotate screw blank; and 



die is forced onto screw blank with lever L operated with 
right hand. 

AtteiUion. — Machine-screw die stocks have no guide, and 
while a short thread may be cut in a vise with the die without 
noticeable defect, a long thread would be crooked and not 
desirable for many purposes. 

The thread should be cut in the lathe aa in Fig. 371, or 
started in the lathe and finished in the vise, 

668. American Society of Mechanical Engineers' standard 
machine screws, see §S 569, 570, have United States Stand- 
ard form of thread. The difference between consecutive 
sizes, as to 10, is ,013"; and between alternate sizes, as 10 
to 30, is .026". 

In order that the screws shall always fit the tapped boles, 
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tKe taps are slightly larger than the screws, and each is made 
to maximum and minimum sizes, but the difference between 
minimum tap and maximum screw is sufficient for error in 
pitch and wear of tap, insures a good fit and makes the screws 

interchangeable. 

669. Table of American Society of Hectaanical Engineers' 
standard machine screws, taps, and tap drill sizes. 



No. AND 












Threads Ma 

PER INOH & 

or Screw Diaj 


METER. DiA 


■ap 


Nearest 
Diameter 
IN 64THa. 


Body 
Drill. 


Tap 
Drill. 


OR Tap. 












0X80 


060 


0632 


s 


62 


66 


1X72 




0765 


<p[ 


53 


2X64 


086 


0898 


1 


42 


50 


3X56 


099 


1033 


37 


47 


4X48 


112 


1168 


I 


31 


43 


5X44 


125 


1301 


A 






6X40 


138 


1435 


27 


35 


7X36 


151 


1569 


^ 


21 


31 


8X36 


164 


1699 


ii 


H 


29 


9X32 


177 


1636 




13 


28 


10X30 




1968 




8 


24 


12X28 


216 


2232 




1 


17 


14X24 


242 


2500 


I 


i 


10 


16X22 


268 


2765 


J 


3 


18X20 


294 


3031 


^ 


A 


A 


20X20 


320 


3291 


n 


Q 


G 


22X18 


346 


3559 


il 


u 


K 


24X16 


372 


3828 


1 


w 


H 


26X16 


398 


4088 


ii 


z 


P 


28X14 


424 


4359 


A 


ft 


R 


30X14 


450 


4619 


U 


U 



AUerUum. — The body drilb given in tables are the nearest com- 
mercial drills larger than maximum tap sizes to provide an easy fit. 
The sizes of the tap drills given are larger than the root diameters of 
threads for clearance. 

Drills designated by parts of an inch are according to Table given 
in S 450 and Fig, 294. Drills designated by letters are according to 
the Table of Letter Size Drills, see §451, and those designated by 
numbers are according to the Twiat Drill and Steel Wire Gage and 
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Table, ^ven in 1 452 wid Fig. 295. In the absence of these tables 
the sizes of the body drills required may be obtained by measuring 
the outside diameter of the tap, and the sizes of tap drills required 
may be obtained by measuring the root diameter of the tap and allow- 
ing a little for clearance. 

670. Table of American Society of Hechanical Engineers' 
special machine screws, taps, and tap drill sizes. 



No. AND 












Thheads Ma, 


xiucM Ma 




Neahebt 


Boer 

Diui.1,. 


Tap 
Drill. 


PER Inch S 


BEW 


Fap 


DiAUETBS 


OF SCEEW DlA 


UETKE. DiA 




IN 64THa. 


OH Tap. 












1X64 


073 


0768 


A 


il 


54 


2X66 


086 


0903 


S 


42 


61 


3X48 


099 


1038 


37 


48 


4X40 




1175 




31 


46 


4X36 


112 


1179 




31 


46 


6X40 


125 


1305 




29 


40 


6X36 


126 


1309 


I 


29 


42 


6X36 


138 


1439 


27 


36 


6X32 


138 






27 


38 


7X32 


161 


1576 




21 


32 


7X30 


151 


1678 




21 


33 


8X32 


164 


1705 




a 


30 


8X30 


164 


1708 




11 


30 


9X30 


177 


1838 




13 


28 


9X24 


177 


1850 




13 




10X32 


190 


1965 






23 


10X24 


190 


1980 


g 


8 


28 


12X24 


216 


2240 




19 


14X20 


243 


2611 


I 


i 


14 


16X20 


268 


2771 


J 


4 


18X18 


294 


3039 


s 


A 


1 


20X18 


320 


3299 


Q 


P 


22X16 


348 


3568 




u 


I 


24X18 


372 


3819 




w 


A 


26X14 


398 






z 





28X16 


424 


4348 


ft 


t 


s 


30X16 


450 


4608 


V 



671. American Screw Company's machine screws. — These 

screws and taps to correspond are numbered from to 30 
and have the Sharp V form of thread. The difference be- 
tween consecutive sizes is .01316*. 
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672. American Screw Company's 
machine screw and wire gage, Fig. 
372, is graduated on one side as 

shown, on the other as the English 
wire gage, from 17 to 0000 on the 
right; and as the American wire 
gage, 15 to 0000 on the left of the 
slot. The diameter of screw A is 
10, shown at B. For diameter in 
inches, see Tables §§ 573, 656. 
The notch in side of gage facili- 
tates measuring length of screws, 
as C. 

Attention. — For practical uses 
this gage may be utilized also to 
measure machine screws of the 
A. S. M. E. Standard, see Tables 
§§ 569, 570. 

573. American Screw Company's 
Company's Macbine Screw machine screws and taps, also body 
a Wire Gaqe. and tap drill sizes. 




Fia. 372. — American Screw 



No. AND „ 

Threads per " 


DiAMBTER. 


Nearest 
Diameter 

IN 64TH8. 


Body 

Drill. 


Tap Drill. 


OH Tap. 










2Xf56 


08416 


A' 


42 


48 


4X36 


11018 


K 


31 


41 


6X32 


13680 




27 




8X32 


16312 




18 


28 


10X24 


18944 






23 


12X24 


21576 






15 


14X20 


24208 






10 


16X18 


26840 


fe 




5 


18X18 


29472 


N 




20X16 


32104 




Q 


E 


22X16 


34738 




T 


K 


24X16 


37368 




1 


N 


26X16 


40000 




^ 


P 


28X14 


42632 




.1 


R 


30X14 


45264 


ir 


U 



Attention. — This table gives the most used sizes of screws and 
taps from to 30. 
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574. Table of Sharp V-thread taps, ^j" and smaller, in binary 
fractions with tap drill in numbered sizes (twist drill and wire 
gage). 



Sizes and Thbeaih 




SizBa AND Theiadb 




PER Inch of 


Tap DriLI,. 


PER Inch op Tap 


Driu.. 


Taps. 




Taps. 




AX60 
AX60 


No. 66 


AX28 h 


o. 26 






' 23 


Ax4a 


" 47 


Ax 32 


' 23 


AX56 


" 46 




' 21 


AX60 


" 46 


HX28 


' 20 


SX32 


" 48 


HX32 


' 20 


ftX36 


" 44 


' 19 


AX40 
SX44 


" 43 


AX24 


' 18 


" 43 


AX28 
SX30 


' 17 


AX48 


" 42 


' 15 


1 X32 


" 40 


AX32 


' 13 


i X36 


" 38 


HX22 


' 10 








' 10 


iX44 


•' 36 


43X28 




AX30 


" 35 


iJX32 


' 9 




" 32 


1X20 


' 7 


AX36 


" 36 


1X22 


' 6 


AX40 




1X24 


' 2 


^X30 


" 31 


ijxia 


' 2 


AX32 


" 31) 




^xae 


" 29 


UX20 


' 2 


AX40 


" 29 


HX24 


■ 3 


11X32 


" 30 


HX32 




liX36 


" 29 


^X18 


' 2 


11X40 


[" 28 


AX20 


' 1 


AX24 


" 27 


AX24 


' 1 



AUetUion. — These taps are obtainable commercially, but the 
screw must be " home mad&" or obtained by special order. 

COUNTERBORING AND COUNTERSINKING. 

576. A cotmterbore, Fig. 373, is a tool used to make a 

concentric cylindrical enlargement at the end of a hole to 




FiQ. 373. — CouNTERBORE FOR Facino Seat tor Bolt Head ok Screw. 
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receive a bolt head or screw head as in Fig. 374, and to pro- 
vide an accurate seat, and the process is>called counterboring. 
In Fig. 373 a home-made counterbore is shown. Straight 
shank A may be held in a chuck; head or body B is sUghtly 
larger than head of bolt or screw; guide C fits body-drill hole; 
and D and D' are the cutting lips which show clearance. 

Counterbores with straight or taper shanks are obtainable 
in sets of three; one with head the size of screw head and 
with guide the size of body drill; one with head the size of 



Fio. 374. — ConNTERBOKED and ConNTEssuNK Holes 
FOR Bolts and Screw Heads. 

screw head, and guide the size of tap drill; and one with head 
of body size and guide the size of tap drill to enlarge a tap- 
drill hole in a cap to body size. They are used similarly to 
a twiat drill and with a speed of from one-half to two- 
thirds that of twist drills of same diameter of counterbore 
head. A fine hand feed is generally used for spot facing and 
deep counterboring. 

For rough work a fast speed and a coarse feed may be 
used, but for fine work use a medium speed and a fine feed. 

For deep counterboring power feed may be used of about 
one-half to two-thirds that used for twist drills, and the 
counterbore withdrawn occasionally to remove the chips or 
it will clog and break. 

Attention. — A counterbore often glazes the surface of cast 
iron or hard steel and will not cut unless it is roughed up by 
indentations with a chisel. 

Note. — Cast iron is counterbored dry, but if the guide is 
a close fit it should be oiled. 
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676. Counterboring a cap for fillister head screw, Fig. 375. 
Cap E is clamped to table F by strap G, bolt H, and 
block K. Commercial counterbore L has four cutting edges 
with clearance on the ends. After the holes are drilled each 



Fia. 375. — ConNTERBOEiNo fob Screw Heads. 

hole may be alined with the counterbore and counterbored, or 
each hole may be counterbored after drilling and before the 
setting is disturbed. Test depth of counterboring with the 
screw head. See Fig. 374. 

577. Counterbores with separate bodies and guide bush- 
ings are obtainable so that various diameters of bodies and 
guide bushinp may be used on the same shank, or stem and 
guide. They are obtainable in seta for the different sizes of 
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678. Counterbore or facing bar witii inserted cutter, Fig. 
376. — Interchangeable cutters and guides may be used for 
counterboring or spot facing bosses in the regular way or 
on the lower dde by feeding spindle upward. It consists of 



a: 



Fig. 376. — Counterbobb or Facing Bar. 

socket A slotted to receive carbon or high-speed steel cutter 
B. The cutter is centered, and guide bushing C is held in 
place by conical pointed set screw D, and lock nut B. This 
tool may be fitted also to the footstock spindle of an engine 
lathe and used to bore cored work. 

A quick method of making a counterbore or facing bar is 
to drill a hole through a bar, insert a piece of tool steel for 
cutter, fasten with a set screw, turn and file cutting edges, 
then harden and temper. 

679. A countersink, Fig. 377, is a tool used to make a con- 
centric conical enlargement at the end of a hole to provide 



:^ 



a seat for a conical-shaped screw head as in Fig. 374, and the 
process is called countersinking. Countersmks are obtainable 
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with strmght or taper shanks, with or without a guide. The 
head is large enough for several diameters of screw heads. 
The cutting edge is backed off for clearance at A. 

The included angle for screw heads, both metal and wood, 
ranges from 72° to 82°, and this countersink of 72° will answer 
for this range of angles. 



580. Diameter to turn work to mill or file square is the 
product of diameter across the flats multiplied by 1.414. 

Example. — Fig. 378. What diameter must a piece be to 
mill square li" across the flats? 

SoiMfio?!. — 1.250" X 1.414 = 1.767" or If J" diameter of 
blank. 



'H'-^ H 





Fig. 378. — Diagram to Turn Fiq. 379. — Diagram to Turn 
Ctunder to Mili, Squabb. Cylinder to Mill Hixagonal. 



681. Diameter to turn work to mill or file hexagonal is 
the product of the diameter acn^s the flats multiplied by 
1.155. 

Example. — Fig. 379. What diameter must a piece be to 
mill hexagonal 1^" across the flats? 

Solution. — 1.260" X 1.155 = 1.444" or 1J(" diameter of 
blank. 
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INDEXING IN ENGINE LATHE. 
682. To index in engine lathe, Fig. 380. — To file round 
work square or hexagonal, or to drill diametrically through 
a shaft, equidistant line? may be drawn on the work to 
facilitate the operations. 



SCHEDULE OF OPERATIONS. 



To divide tap shank circumfer- 
ence into four equal parts, A, B, C, 
D, Fig. 380. Select engine lathe 
with hcadstock gear divisible by 4, 
as 72 -!- 4 - 18. Count hcadstock 
gear and mark divisions with chalk. 
Mount blank E on centers with 
wedge F between dog and face 
plate to prevent back-lash. Use 
pointed tool G to mark line H re- 
quired distance from end. 

Place file / against under si<le 
of chalked tooth; rotate lathe 
until file touches hcadstock at J. 



With the left hand press the 
handle downward until file touches 
the bed at K and hold it in this 
position. 

With the right hand operating 
cross feed, move tool to lightly 
touch work, then change the 
right hand to long, feed handle 
and move the carriage to make a 
line with the tool. For the other 
lines repeat at the other chalked 
teeth on gear. Two lines are 
also shown at A', B'. 
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CHAPTER XVIII. 

insroE CALIPERS AUD DTSIDE BUCROMETERS. BORinG AHD 

INSIDE TBREADITIG. SQUARE THREADS. ACME STANDARD 

OR 29° THREADS. BUTLTIPLE THREADS. ALinEMBHT 

DRILUHG AND TAPPIKG. ECCEHTRIC TURWIHG. 

INSIDE CALIPERS AND INSIDE MICROMETERS. 

683. To set inside calipers. Fig. 381 , — Hold rule A perpen- 
dicularly against carriage B, Place calipera C with point at D, 




Fio. 381. — Setting Inside Caupers. 

and adjust nut E until other point coincides with middle of 
line F. 

Another method is to set calipers to a standard ring gage, 
or to a hole of the desired diameter in any piece of work. 

684. To measure diameters of holes with inside calipers. — 

Work to be measured may be held in any position on the bench, 

806 
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in vise or chuck. To measure work G, Fig. 382, in chuck H, 
set calipers K to size and insert point M in the lower side 
of hole, and steady with finger while a gentle effort is made to 




Inside Calipers. 



nsert point N, pivoting calipers on point M by raising and 
lowering the outer end; also move point JV to right and left to 
locate maximum diameter. 

686. To adjust the tool to bore a hole to diameter to which 
inside calipers are set. — Take trial cuts and test frequently with 
calipers. See §§588,589. 

686. Small inside micrometer calipers, figs. 383, 384 and 
385, are obtainable in two sizes, one measuring from two- 




FiG. 383. — Measuring with 1" Inside Microubter. 



tenths of an inch to one inch, and the other from one inch to 
two inches. 
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Except that the barrels are figured from right to left, they 
are similar to outside micrometers having 40 threads to the 
inch. 

The reading of the one-inch micrometer in Fig. 383 equals 
10 X .025 = .260" + .002 = .252' or i" + .002". 




In Fig. 385 a two-inch micrometer is shown as used to 
measure the hole in bushing A. 

Solid jaw B is placed against the lower wall of hole. 

Sliding jaw C is moved against the upper wall of hole 
by turning thimble D to right. The hole is bored out with a 
boring tool (see §S588, 589) until the two-inch micrometer 
reads 2 X .025' = .050". 

1" + .050' •= 1.050" diameter of bore of bushing, as in 
Fig. 385. 

687. Large inside micrometer caliper. — Fig. 3S6 consists 
of barrel A graduated into 40 divisions to the inch, thimble B 
graduated into 25 divisions, attached to a screw having 40 
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308 PRINCIPLES OF MACHINE WORK. 

threads to the inch, passing through a nut in end of barrel A. 
The screw has a movement of half an inch. Measuring point 
C is fixed to the thimble, but measuring point or rod D is 
held in chuck E and clamped by nut F and is removable in 




order to insert extension rods, a number being supplied vary- 
ing in length by half an inch (J"), one being shown at G. 
Adjustment for wear on rods is provided by adjusting nuts 
H. Fig. 386 shows how the micrometer is used to measure the 
bore of a cylinder. The net length of micrometer is 3" and the 
reading is 3.200" + 2 X .025 = 3.250". 



BORING AND INSIDE THREADING. 
688, Boring tools. — Fig. 387 shows a forged boring or in- 
side turning tool. Cutting edges A and B must be shaped 
with accuracy. The point is rounded slightly in order to make 



=%_ 



Fig. 387. — Forged Boring Tool. 

it cut smoothly, and, also, not dull quickly; if rounded too much, 
the tool will spring away from the cut, or chatter. 
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689. To set and use boring tool in lathe. — Fig. 3SS. 




Fio. 388. — BORiHO IN Engine Lathe. 



SCHEDULE OF OPERATIONS. 



1. True up cored work C in 
chuck D and face front end. 

2. Set tool E height of dead 
center J as at H', reverse tool 
and post F into position parallel 
to ways of lathe and ctamp 
tightly on G. 

3. Run tool in length of hole 



to see that shank clears walls, 
also chalk top of tool to show 
length of hole. 

4. Rough bore hole and caliper 
frequently. 

5. Take two or three light 
finishing cuts to leave bole smooth 
and true. See ! S 583-586. 



Attention. — A method sometimes used to bore a straight and 
smooth hole is to take a light finishing cut inward, then reverse the 
feed and let the tool cut outward. 

JVote. — While a boring tool will cut satisfactorily if set at height of 
centers, as H', Fig. 338, still, the tool will cut better it set below the 
centers, the amount increasing with the diameter of the hole, as is 
inversely true with outside turning tools. See S§ 72 — 74. 

This, however, is not always possible, especially in small holes as 
the size of tool will not allow sufficient clearance and will cause it to 
ride on the wall of the hole, which must be avoided. 

690. Squaring of an inside shoulder with the tool K, Fig. 
389. L is a section taken at MN. The rounded point of 
a boring tool leaves a fillet at the termination of the cut and if 
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310 PRINCIPLES OF MACHINE WORK. 

a square shoulder b desired an inside squaring tool is used to 
remove the fillet and square the shoulder by cutting to or from 
the center. 



^ 



Fio. ; 



- iNStDE Sqparino Tool. 




.. Boring holders and cutters are used in the same 
as a forged tool. A, Fig. 390, shows holder and 
double-end cutter rough boring 
a cored hole, B, in work C. 
For inside squaring a special cap 
is supplied which holds the cutter 
at an angle of 45° as at D. See 
No. 20, Chart, Fig. 131. yiq. 391.- 

At E, Fig. 391 , a right-bent out- Boring a.vd 
id cutter is shown Facing with 
WITH Holders uggj ^g ^ boring tool and for ^^*^ Holder 
AND Cutters, gq^^ring and facing as at F. *«" C^^«- 
For boring long holes it is more practical to use drills, boring 
bars, boring heads, etc. 

69S. Inside threading tools, United States Standard or Sharp 
V threads. — Fig. 392 shows point of inside threading tool. It 



Fig. 390. 
bobinq an^ 

B Squaring side holder 



X 



FiQ. 392. — Inside V-Thrbadino Tool. 

may be ground as at A and B for United States Standard or 
Sharp V threads. It is similar to a boring tool. See No. 34, 
Chart, Fig. 33. 
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The method of setting an inside United States Standard or 
Sharp V-threading tool at right angles to the work is shown 



EE 



in Fig. 393. Worli C is held in chuck D and is bored to size 
and end rough and finish squared. Tool E is then set to 
gage F. 
693. To cut an inside thread in lathe. — Fig. 394. 



Fig. 394. — Inside Threadinq in Engine Lathe. 
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SCHEDULE OF OPERATIONS. 



1. True up work G in chuck 
H, and bore hole about ^' larger 
than root diameter of screw 
that it is to fit, and aquare end. 
See Table of Tap Drilla, §538. 
See Screw Cutting, §226. 

2. -Assemble holder J, cutter 
bar K, threading tool L, which 
should be ground to fit thread 
gage, and clamp in tool post M 
supported by blocks N and N' 
in tool block P. 

Adjust tool to height of center, 
set by gage F, Fig. 393, and 
c!amp8 bar and cutter finnly by 
scr^w Q and cap R. 

3. The cutter may be removed, 
reground and reset to resume its 
cut by means of cap R. 

4. Clamp thread stop S to 
slide T by screw U and adjust 
feed of tool by rotating nurled 
head W which is fast on screw V. 

5. Rough thread with cuts 
from .003" to .004" nearly to size. 
Finish thread with cuts from .001" 



to .002" until thread fits screw, 
as follows : 

Set outside calipers to the out- 
side of the thread, then transfer 
setting to inside calipers or to a 
wire filed to fit outside calipers, 
and pointed at each end more 
acute than the thread. Cut 
thread slightly smaller than inside 
calipers or wire, then test it with 
the screw. 

If work is to fit a lathe spindle 
or other work that cannot be 
removed, take chuck and work 
from lathe, clean, oil, and try on 
the screw. If it does not fit 
take another light cut, and so 
on until desired fit is obtained. 

Attention. — If work is cast iron, 
thread dry; if steel or wrought 
iron, use lard oil. 

Use oil for all materials when 
fitting to screw or work may 
seize screw and have to be split 
off, 'thereby destroyii^ work and 
the screw. 



694. To finish tap the backing plate of a chuck. Fig. '. 

When cutting an accurate thread such as that in 
plate, A, of a chuck or face plate of a lathe, it is best, if a 
suitable tap is available, to cut about three-quarters of a full 
thread with a threading tool, then finish tap as in Fig. 395. 
Clean and oil thread and tap and place tap wrench' B on tap 
C, and mount on dead center with tap in thread. Start tap 
carefully so that it will follow the thread already cut and not 
split and destroy it. Pull belt D by hand and follow tap with 
dead center with handle E. To back out tap, unclamp foot- 
stock and run lathe backward by hand or by power. Then 
square up end F and bore out about two threads, as at G, to 
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permit screwing plate to shoulder on nose of spindle or on 
a mandrel to be machined. 

696. Interrupted thread tap, Fig. 395. — Instead of using 
adjustable tap C, with regular thread, preferably, use an 

ENQINE LATHE — SEAR HEADSTOCK 



Fig. 395. — Finishing Thread with a Tap. 

interrupted thread tap, as at H, which is obtainable. This 
tap requires less power to drive it. Every other tooth is cut 
away. The teeth of each land follow in the spaces of the land 
preceding as shown by arrows J and K. 

696. Engine lathe, gear headstock, Fig. 395, shows an 
engine lathe equipped with a gear speed change located in the 
head in place of the cone pulley. The different speeds and 
positions of the levers L and M to obtain them are given 
in a table at N. 

Attention. — Some all-gear headstock engine lathes have a 
variable speed countershaft to give a still greater variety of 
speeds. 

This lathe is also equipped with a rapid change-gear 
mechanism for feeds and threads. In a table at P are given 
the different threads, and positions of the levers Q, B, and 
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314 PRINCIPLES OF MACHINE WORK. 

S, to obtain them. The feed is usually seven times threi 
per inch. 

697. To cut right inside thread to shoulder. — Fig. 396. 



— CuTTjNa Inside Uniteii States Standard o 
V Thread to a Shot;i,deh. 



SCHEDULE OF OPERATIONS. 



1. Work A, held in chuck B, 
ia bored to correct diameter and 
depth. 

2. Cut groove C to full diam- 
eter of thread with inside form- 
ing tool. 



3. Mark line E with chalk to 
indicate when tool D reaches 



598. To cut a left inside thread to a shoulder, or any por- 
tion of the hole less than its entire length, cut groove as at 
C, Hg. 396, from which start tool outward, and make a 
mark at E to know when to adjust the tool forward into 
groove preparatory to starting to cut outward. 

SQUARE THREADS. 

599. Square threads, Fig. 397, right or left, are used for screws 
to transmit motion, as the cross feed and lead screws of an 
en^ne lathe, valve stems, presses, rock drill feed screws, etc. 
It cannot be cut successfully with dies, or milled with' a thread 
milling machine. See Acme Standard or 29° Threads, §612. 



bv Google 



SQUARE THREADS. ■ 315 

The thickness of thread and width of space are each nomi- 
nally one-half the pitch. The depth is one-half pitch plus 
the clearance. The fit is on the sides of the thread with 
clearance top and bottom. A larger clearance is advisable for 
large diameters and coarse pitchers. 



FiQ. 397. — Sectional View or Square Thread Screw a 



NAMES OF PRINCIPAL PARTS OF SQUARE THREAD. 

C. — Pitch. G. — Bore of nut. 

D. — Diameter standard. H and H', clearances; same for 

E. — Root diameter (which is all pitches. H made by cutting 
also root diameter of tap). the thread .005" deejjer than J P. 

F. — Diameter of bottom of H' made by making tap. 01" 
nnt (which is aJao diameter of lai^r in diameter than D. 
tap). ____^ 

600. To obtain parts of Square thread. — 
Width of tool for screw thread = 
1 



No. of threads per inch 
Width of tool for tap thread = 

-i-2 



No. of threads per inch 
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.0005' for each linear inch of out for shrinkage of tap. 
Diameter of screw = any 

Diameter of tap = diameter of screw 4- .010" 
IHameter of screw or tap at root of thread = 
diameter of screw — 



1 



- .010'. 



No. threads per inch 
Diameter to bore nut = diameter of screw - 
1 



No. of threads per inch 
Clearance = .005', top and bottom of thread. 
601. Table of Squaxe threads. — While any pitch may be 

assumed, it is best, when it will answer the purpose, to use 
whole numbers of threads per inch as near as possible to 
three-quarters of the United States Standard thread. See 
5221. 



D._... 


Tbreadb 
Per Inch. 


Diameter. 


Thbgads 
Feb Isck. 




10 

9 
8 

7 




B 
S 

3 



602. Square threading Tool, Mg. ; 




I ^noV C 

-OuTBiDE Square Threading Tool. 



A, top face, B, side view partially rotated, and C, end view. 
DE and FG inclined to line QR to ^ve clearance. 
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TO FIND INCLINATION OF THREAD. 317 

TO FIND IHCLIHATIOH OF THREAD AND TO FILE TOOL. 
SCHEDULE OF OPERATIONS. 




Fro. 399. — Making a Tguflbt and Setong Gaoe to Angle of 

Inclination for Square Threading Tool. 



Inclination 

1. File Une HK true. 

2. Draw KZ, at 90° to HK. 

3. Make KL equal to root 

4. Make MK equal to pitch. 


Fig. 399. 

5. File to LM which gives 
inclination of thread and use as 
a templet to test tool or omit 
filing and set angle gage U, Fig. 
399, to angle LM as at V. 


w 



To File Tool. Fig. 400. 



1. Pile bottom of tool flat, and 
end square as in Fig. 398. File 
sides with an 8" or KT hand 
smooth file and 8* dead smooth 
file to ^ve inclination, clearance, 

2. Teat tool with gage (7 as at 
X and X', Fig, 400, or with sheet 



metal templet V, as in Fig. 399. 

3. Measure with micrometer 
calipers. 

4. Harden and temper to a 
straw color. 

5. Grind on end and a little on 
top. 

Do not grind on aides. 



Attention. — The amount of inclination varies with different pitches' 
and diameters, but with a generous side clearance one tool will do 
for several diameters. The tool b parallel from 0' to P, Fig. 398. 
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318 PRINCIPLES OF MACHINE WORK. 

For very coarse pitches tool is narrower at P than at 0'. For fine 
pitches top face A is ground horizontal; for coarse threads it is ground 
on line .ST at right angles to line QR. 

Note, — The tool may be forged, and ground to the proper angle 
with a univerial tool grinder, see Etemsnls 0/ Machine Work, then 
hardened and tempered, reground and the filing omitted. 

603. An outside Square threading holder and cutfer is shown 
at A and B, Fig. 401. Holder C supports cutter D. Clamp E 
and bolt F fasten cutter to holder and hold difTerent widths of 



Fig. 401. — OuTSiDB Sqitabe Threadino Holder and Cotter. : 

cutters. Cutter is ground upon end G only. Roughing and j 

finishing cutters are used for coarse threads. End H is for j 

left threads. 

604. Method of setting outside Square threading tool. — j 
Fasten tool A, Fig. 402, in tool-post lightly and adjust to 
height of dead center. Mount screw blank B on centers. 




Place steel rule C against blank parallel to axis and rap 
tool until parallel to end of rule, testing from both sides as 
at C and C Fasten tool firmly. 
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606. An inside Square threading tool, Fig. 403, is used for 
cutting inside threads. The blade AB ia indined, shaped 
and sized to suit thread to be cut in the same manner as 
the outside Square threading tool, Fig. 400, 3 602. Inside 



*Lf 



=V 



Fio. 403. — Inside Square Tsbeadinq Tool. 

Square threads are cut also by inserting properly shaped 
cutters in boring tool holders. See No. 23, Chart, Fig. 131. 

606. Method of setting inside Square threading tool. — 

Nut blank C, Fig. 403, is held in chuck D. End E ia faced 
and hole bored to size. Place tool G in tool-post and adjust 
to height of dead center (see No. 2, |589) and fasten lightly 




Fia. 404. — SETTiNa Inside Sqdabb Threadinq Tool. 



in approximate position. Hold rule F against end E and 
rap tool until blade of tool is parallel with rule. Then clamp 
firmly. 
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607. Roughing tool. — For Square threads, five pitch or 
coarser, use a roughing tool .010" less in width, 0, Fig, 398, 
than finishing tool. 

608. Square thread tap 1^" diameter, 5 threads to 1", 
Fig. 405, is used to tap both loose and fixed nuts. Loose nuts 
are usually rough threaded in the engine lathe with an inside 
rough Square threading tool. Fig. 403, then finish threaded 
with one or more taps. 



H 






Fig. 405. — Square Thread Tap, IJ x 5. 

For fixed nuts such as parts of machine frames, one or two 
roughing taps are used, followed with the finishing tap. 

They are made without a leader as at A, Fig. 405, or with 
plain or threaded leaders, A, Fig. 413. See Alinement Drill- 
ing and Tapping, J 626. 

The diameter is made one-hundredth of an inch larger than 
the screw for clearance. The root diameter is the same as the 
screw. See §600. 

Shank B is made about one-hundredth of an inch smaller 
than the bore of the nut. 

These taps cannot be obtained commercially, but inust be 
specially made. 

609. To cut a Square thread screw, Fig. 406. 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Preparing screw blank. Threading. 

Stock,' machine steel A" large. 

True live center. 

Set dead center in accurate alinement. 

Us3 hiph-speed steel cutting tools. See Exixplion p. 59. 



Opehations. 


M.VCHINES, SpEEOS, 

Feeos. 


TOOLB. 


Center. 




Centering machine. 


iV' drill, 60° counter- 
sink, lard oil. 


Roughsquace, (1), (a). 




Engine lathe 12' to 
16'. 2d or 3d speed, 
orfiOF.P.M. Hand 
feed. 


Dog, rule, calipers, 
^de tool, 35° r^e. 






Speed lathe, drill 4th 
apeed, countersink 
3d speed. 




Finisbsquare, (1), (8). 




Engine lathe, 3d or 
4th speed or 80 
F.P.M. Hand feed. 




Rough turn A" large, <3) 


one 


let speed, or 40 
F.P.M. Medium 
power teed — 80 to 


Diamond-point tool, 
35° rake or holder 
and cutter, cali- 
pers, rule. 


Finish turn 1.26' + .004', 


(*). 


3dspeed,or60F.P.M. 
Fine power feed - 
140 to r. 


Copper under set 
acrew of dog, dia- 
mond-point tool or 
holder and cutter, 
35° rake, microm- 


File, (8). 




4th or Elh apeed, or 
175 F.P.M. 


S- or 10- mill bastard 

aie. 


Poliah. 




Speed lathe, highest 
speed. 


60 and 90 eraery 


Or rough" turn .01' large, and 
gcind, after threading. 


See Cylindrical Grind- 
ing Machine, § 379. 




DriU hole, (6). 




Speed lathe, drill 
chuck, 3d or 4th 
speed, or 1000 
R.P.M. 


ft' strMght shank 
twist drill V center, 
depth gage, lard 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Cor.chided. 



OPBSATione. 


Machines, Speeds, 
Feeds. 


Tools. 


Set Square thread tool (see 


En^e lathe, 1st 


Grind foiled Square, 


[60.) and thread stop, ar- 


speed, ot 25 F.P.M. 




range lathe for 5 threads. 




tool, width .090'. 


PuU belt downward to take 




See Fig. 398. or use 


up back laah, loosen set 




holder and cutter. 


Bcrew of dog and adjust 




see Fig. 401, cali- 


shaft until tool terminates 




pers, rule. Lubri- 


in hole, (6). Tight™ aet 




cate freely with 


■crew, "rough thread to 1 .04' 




lardoU. 


+ .01-, (7), twenty cuts 






.005' each. Depth of 






thread .100*. 






Set fimshing tool to cut on 


1st speed, or 26 


Forged finishing tool 


both Bides of groove by 


F.P.M. 


width .100" + .002- 






for fit, calipers file, 


shaft and testing cnt at end 




harden and temper 


thread. Tighten set screw. 




and grind or use 


Finish thread to 1.04', (8), 




holder and cutter, 


twenty cuts .006', two cuts. 




calipers, rule, lard 


.002*, one out .001'. Depth 




od. 


of thread .106*. 






Turn off thick end thread, (9), 


2d or 3d speed, or 60 




and amooth thread nith file. 


F.P.M. Hand teed. 


side tools, or holder 
and cutter, 8* or 
10' nuU bastard Gle. 


File top of threads to remove 


4th ot 6th speed, or 


8* or 10* mUl bastard 


burr. 


175 F.P.M. 


file. 


File aides slighUy. 


Slow speed for dling 
sides of thread. 


Warding fiU. 



Attention. — Terminate each cut as follows: stop lathe when tool 
is J or J revolution from hole, then carefuUy pull belt to continue cut 
almost to hole and end the cut by moving tail of dog in slot of face plate. 

Note. — Roughing tool may be removed, ground, and reset if neces- 
sary, but not the finiahing tool. 
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SQUARE THREAD NUT. 
610. To make a Squan thread nut, ^g. 407. 

TAP 1 J" OIA, e TH08, TO l" 



3.7, 



K 



Fig. 407. — Schedule Drawinq or Sqoahb Thread Nut. 

SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Preparing nut blank. Rough threading. Tapping. 

Stock, iron casting, cored. 

Ubc high-speed steel cutting tools. See Exception, p. 59. 



Engine lathe 12* 1 
16". 3d speed, < 

lis F.pja. 



Rougli square, (1), one o 
Finish square, (1), one oi 



Facing tool or hi 
and cutter. 



Set in«de Square threful tool 
(see Fig, 404), and cut re- 
ceee (or improvised gage jj' 
X U', (a). See (A). j 



Forged Square thread 
tool, width .090', 
or holder and cut- 
ter, inside calipers, 
rule. 
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SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 

Continued. 



Opebationb. 


Ma-CHINES, SpEEDa, 
FEBDe. 


Tools. 


ArraDge lathe tor S threads 
with thread atop reversed. 
Rough thread to IJ' the di- 
ameter of gage A, (4>, fif- 
teen cuts, .006' each, five 
cuts, .002" each. Depth of 
thread, .100'. 


lHtBpeed.or30F.P.M. 


Without oil. 


Start tap in lathe, pull belt 
downward and follow with 
dead center. Be sure that 
tap follows thread or it may 
ream. Remove nut and 
tap to reaming -Stand or 
vise, and finish tapping, (S). 


Reaming stand or vise 
jaws. 


li'XSSquare thread, 
tap and tap wrench, 
lubricate tap freely 
with lard oU. 


Mount nut on nut mandrel 
and rough square, (6), one 
or two cuta. 


2d or 3d speed, or 40 
F.P.M. 


li'X5 Square thread 
nut mandrel, dog, 
round-hose tool, or 
holder and cutter, 


Finish square, (6), one or two 


3d or 4th speed, or 60 
F.F.M. 


Facing tool or holder 


Reverse nut and square to 
length to remove reeew, 
(7), two or three cuta. 


2d or 3d speed or 60 

F.P.M. 


Round-nose tool or 
holder and cutter, 
and facing tools, 
calipers, rule. 


Rough turn, (8), one or two 


let or 2d speed, or 36 
F.P.M. Medium 
power feed — 80 to 


or holder and cut- 
ter, 15= rake, cali- 


Finish turn, (8), one cut. 


2d or 3d speed, or 50 
F.P.M. 


Diamond-point or 
round-nose tool, or 
holder and cutter, 
calipers, rule. 


nie, (»). 


4th speed, or 176 
F.P.M, 


8' or 10- mill baatard 
file. 


Nurl, two to four times. (10). 
See Machine Nurling, | 370. 


lat or 2d speed, or SB 
F.P.M. Medium 
power feed — 80 to 


Machine nurling tool, 
medium pitch, oil. 


move burr, (11), (IS). 


4th speed or 175 


8' or 10" mill bastard 

file. 



See AUeniion and Nole, p. 3 5. 



bv Google 



ACME STANDARD OR 29° THREAD. 325 

Attention. — In the absence of a tap an inside tool may be njade 
one-half pitch X .001" to finiah the thread, but the thread will not 
be as smooth or the fit of screw and nut as good. 

Note. — The nut in Fig. 407 is nurled for convenience in handling 
as a problem. For practical styles of nuts to transmit motion, see 
§626. 

611. To fit screw to nut. Figs. 406 and 407. 

SCHEDULE OF OPERATIONS. 

1. Ascertain if thread binds on with both hands and force in 
top or bottom by testing with with hand pressure. 

calipers and comparing with tap, 3, If need be, file side of threads 

Fig. 405; it so, file top of threads with a warding file. 

on screw or cut thread deeper. 4. After screw is fitted to nut, 

2. Hold nut in grooved wooden polish top of thread with 90 
jaws in vise. Oil screw, grasp dog emery and clamps. 

Attention. — To file aides of a right thread, preferably, run lathe 
backward at a slow speed, reverse file and file toward footstock. 

ACME STANDARD OR 29° THREADS. 

612. Acme Standard or 29° threads, Fig. 40S, right or left, 
are used for screws to transmit motion, as on lead screws, feed 



screws, elevating screws, valve stems, presses, rock drills, 
etc., and it is displacing the Square thread for other purposes 
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because it can be more readily cut in the lathe, and also 
BUccessfully and rapidly cut with dies, with bolt cutters and 
turret lathes, and nulled with thread milling machines. 

For Thread Milling Machine, see Advanced Machine Work. 
The depth of the thread is equal to one-half the pitch plus 
.01" for clearance. The fit is on the sides with clearance on 
top and bottom. 

NAMES OF PRINCIPAL PARTS OF 29° THREAD. 



C — Piteh. 

D — Diameter, standard. 

E — Root diameter (which is 
also root diameter of tap). 

F — Diameter at bottom of 
thread on nut (which is also dia- 
meter of tap). 

G — Bore of nut. 



H and H' — Clearances, same 
for all pitches. (H obtained by 
cutting thread .01" deeper than 
iP; H', by making tap .02" 
larger than diameter of screw.) 

K — Included angle 29°. 

L — Side angle 14i°. 



613. To obtain parts of thread. — 

Width of point of tool for screw or tap thread =■ 

■3™ . ,005.,, 

No. threads per inch 

Width of point of screw or nut thread = 

.3707 



No. threads per inch 
Diameter of tap = diameter of screw -|- .020. 
Diameter of screw = any 
Diameter of tap or screw at root of thread = diameter of 

screw - =;p— r — ^ ^-r + .020'. 

No. threads per mch 

Depth of thread = „ „ ., ^. — . ■■ . . + .010. 
"^ 2 X No. threads per men 

Diameter to bore nut = diameter of screw — 



No. threads per inch 
Clearance = .01" top and bottom of thread. 
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ACME STANDARD OR 29" THREAD. 





No. OP _ 
Thre^ ^ 
FEB Inch. ^^ 




Width at Wi 


DTB AT Spa 


CB AT ThI 


-KNESS 


Pitch, 




Top of B 


3TTOM To 


P OF AT E 






«^D, 


Thread, or 


Tbb'd, TH 


u^, Th 


READ, 


2 


i I 


oio~ 


.7414 


7362 1 


2586 1 


2637 


1 


t 


9475 


.6950 


6897 1 


1799 1 


1850 


1 


8850 


,6487 


6436 1 


1012 1 


1064 


1 


A 


8225 


.6025 


5973 1 


0226 1 


0277 


1 






7600 


.5560 


5508 


9439 


9491 


!i^ 




J 


7287 


,5329 


6277 


9046 


9097 




1 


6975 


.5097 


5045 


8652 


8704 


ift 




6662 


.4865 


4813 


8259 




l" 






635 


.4633 


4581 


7866 


7918 


ift 




$ 


6037 


.4402 


4350 


7472 


7535 


It 






5725 


-4170 


4118 


7079 


7131 


lA 




* 


6412 


,3938 




6686 


6739 






510 


.3707 


3655 




6345 


i 


i 


it 


4787 


,3476 


3424 


5898 


5960 






4476 


,3243 


3191 


5506 


5558 


i 






4162 


.3012 


2960 


5112 


5164 








385 


.2780 


2728 


4720 


4773 




■ 




3537 


.2548 


2496 


4327 


4379 








3433 


.2471 


2419 


4194 


4246 








3223 


-2316 


2364 


3934 


3986 


■ 


i| 


3912 


,2085 


2033 


3539 


3591 






2 


260 


.1853 


1801 


3147 


3199 






2 


2287 


.1622 


1570 


2752 


2804 




2 


210 


.1482 


1430 


2518 


2570 






2 


1976 


.1390 


133S 


2359 


2411 






3 


176« 


.1235 


1183 


2098 








3i 


1662 


1158 


1106 


1966 


2018 






3* 


1528 


.1059 


1007 


1797 


1849 








1350 


,0927 


0875 


1673 


1625 






*i 


1211 


.0824 


0772 


1398 


1450 








110 


.0741, 




1259 


1311 




I 


^ 


1037 


,0695 




1179 


1232 








0933 


,0617 


0565 


1049 


1101 








0814 


,0530 


0478 


0899 


0961 








0725 


,0463 




0787 


0839 








0655 


,0413 


0361 


0699 


0751 




, 




060 


,0371 


0319 


0629 


0681 




V 




0412 


,0232 


0180 


0392 


0444 
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PRINCTPLES OF MACHINE WORK. 



614. Table of Acme Standard or 25° threads. — While any 
pitch may be assumed, it is best to use whole numbers of 
threads per inch as near as possible to three-quarters of the 
United States Standard. See 5 221. 



DlAUETEH. 


Threads Peb 
Inch. 


DlAHETER. 


Thbeids Peb 
Inch. 


. 


10 
9 

7 


1' 


e 

5 
4 
3 



616. Acme Standard or 29° threading tool, Fig. 400. A is 
top face, B and C are side and end views. For method of find- 
ing inclination of thread, see Square Threading Tool, § 602. 

TO FILE OE GEIND TOOL. 



2^§ 



Fio. 409. — Acme Standard or 29" Threading Tool. 
SCHEDULE OF OPERATIONS. 



1. File bottom and end of tool. 

2. File sides to fit gage D aa at 
E, Fig. 410. 

3. Harden and temper to a 
straw color. 



4. Grind end until point F, 
Fig. 409, will lit notch in gage as 
at G, Fig. 410, the desired pitch. 

5. Grind top face. A, Fig. 409, 

I wlightly. 



AUenlwn. — For fine pitches, use same tool for roughing and 
finishing. For 5 pitch or coarser, rough with Square threading tool 
.01" narrower than point of 29° tool. In case of very coarse pitches, 
cut a square groove, then with right and left side tool cut down ddes 
of thread, after which use finishing tool of desired shape. A com- 
pound rest is often used for coarse pitches. 

Nole. — The tool may be forged and ground to the proper angle 
with a universal tool grinder (see Elements of Machine Work), then hard- 
ened and tempered, reground, and the filing omitted. The thread is also 
cut with 29° threading holder and cutter. See No. 16, Chart, Fig. 131. 
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TO FILE AHU GRIND TOOL. 




616. Method of setting outside Acme Standard or 29° 
threading tool. — Fasten tool K, Fig. 410, in tool post lightly 
and adjust to height of dead center. Mount screw blank H 
on centers. Place gage D against screw blank H parallel to 
axis and rap tool until angle of tool fits angle of gage. Then 
fasten tool firmly. 

617. An inside Acme Standard or 29° threading tooL — 
Fig. 411 is used for cutting inside threads. The blade ABia 
inchned, shaped and ground to suit thread to be cut in the same 



.^ 



■HE 



^ 



manner as the outside Acme Standard or 29° threading tool, 
Fig. 409, I 615. 

Inside 29° threads are cut also by inserting properly shaped 
cutters in boring tool holders. See No. 24, Chart, Fig. 131. 
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330 PRINaPLES OF MACHINE WORK. 

618. Method of setting inside Acme Standard or 29° thread- 
ing tool. — Nut blank C, Fig. 412, is held in chuck D. End 
E is faced and hole bored to size. Place tool F in tool post 




Fio. 412. — Seitinq Inbidb Acme Standard 29° 
Tmbeadino Tool. 

and adjust to height of dead center (see No. 2, 5 589) and 
fasten lightly in approximate position. Hold gage G against 
face of chuck D and rap tool until angle of tool fits angle of 
gage. Then fasten tool securely. 

619. Acme Standard or 29° thread tap 1^" in diameter, 
5 threads to 1, Fig. 413, is used to tap both loose and fixed 
nuts. 



Fia. 413. — Acme Standard or 29° Thread Tap Hx 5. 

Loose nuts are usually rough threaded in the engine lathe 
with an inside threading tool, Fig. 412, to about J of a full 
thread, then finish threaded with a tap. 
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CUTTING A 29" THREAD SCREW. 



331 



For fixed nuts, such as parts of machine frames, one or 
two roughing taps are used, followed by the finishing tap, 
preferably of type shown at H, Fig. 395. These taps are made 
with leaders as at 4 or without leaders, A , Kg. 405. See Aline- 
ment Drilling and Tapping, § 626. The diameter is made two- 
hundredths of an inch larger than the screw for clearance. 
See i 613. The root diameter of tap is the same as screw. 

Leader A and shank B are two-thousandths of an iach 
-smaller than bore of nut, and the leader may be used as a 
gage to test the bore of nut. These taps cannot be obtained 
commercially but must be specially made. 

620. To cut Acme Standard or 29° thread screw, Fig. 414. 




SCHEDULE OF OPERATIONS, MACHINES, AND TOOLS. 

Stock, machine steel -f^' large. 

True live center. 

Set dead center in accurate alinement. 



Operations. 



Center, 

Rough square, (1), (3). 



Centering mscluQe. 



Speed lathe, drill 4tli 
speed; counteraiiik, 
3d speed. 
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PRINCIPLES OF MACHINE WORK. 



SCHEDULE OF OPERATIONS, MACHINES AND TOOLS. 
Conlintted. 



OpBnATioNa. 



FiDuh square, (1), (3). 
Rough turn ^' large, (3), one 

Finish turn 1.25* + .004', (4). 



File, (»j. 
Polish. 



Set roughing tool and thread 
stop, arrange lathe for 5 
threads. Pull belt down- 
ward to take up backlash, 
loosen Bet screw of dog and 
adjust shaft until 






Tighten aet screw, rough 
thread to 1.03" + .02', CJ), 
twenty cuts .005" each. 
Depih of thread, .IOC. 

S^t finishing tool to cut on 
both sides of groove by tak- 
ing up backlash, loosening 
dog, adjusting shaft and 
testing cut at end thread. 
Finish thread, <8), twenty 
cuts of .005' each, two cuts 
of .002" each. Then take 1 
cut .001", clean, oil, and 

fits 



Depth of thread 



F.P.M., rae 



Elngine lathe, 1st or 
2d speed, or 26 
F.P.M. Hand feed. 



pers, rule. 

Copper under set 
screw of dog, dia- 
mond-point tool or 
holder and cutt«r, 
35° rake, microm- 



,t 10" mill bastard 



Grind forged Square 



Forged 29° fimahing 
tool, ground to fit 
angle and notch 5 
on gage. Fig. 410, 
or use holder taid 
cutter, calipers, 
rule, lard oil. 
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29° THREAD NUT. 



SCHEDULE OP OPERATIONS, MACHINES AND TOOLS- 

Concltided. 



Diamond-point and 
Hida tOolB, or holder 
and cutt«r, 8* or 
10* mill bastard 



Polish tops of threads. 



AUentum. — Terminate each cut as follows: ^ap lathe when tool 
is jl or ^ a revolution from groove, then carefully puU belt to continue 
cut to groove. 

A hole instead of a groove is sometimes used in which to terminate 
the cut. See K, Fig. 397. 

For fine pitches a groove, or hole, is sometimea omitted and a taper- 
ii^ termination used the same as United States Standard and Sharp V 
threads. See Fig. 157. 

JVote. — Roughii^ tool may be removed, ground, and reset, if 
necessary, but it is best not to remove the finishing tool until thread 
is completed. 

621. To make an Acme Standard 29° thread nut, Fig. 415. 



TAP 1 J' DIA. S THD8. TO I" 



-SCHKDULB DbAWINO OF ACMB STANDARD 

OR 29° Thread Nut, 



bvGoogIc 



PRINCIPLES OF MACHINE WORK. 



SCHEDULE OP OPERATIONS, MACHINES AND TOOLS. 

Preparing nut blank. Hough threadii^. Tapping. 

Stock, iron casting, cored. 

Uae bigh-Bpeed steel cutting tools. See Exception, p. 59. 



En^e lathe 12* 1 
16'. 3d speed, ( 
115 F.P.U. 



Rough square, (1), one oi 



Finish square, (1), one or two 



Round-DOse tool or 
holder and cutter, 
15° take. 

Facing tool or holder 



Ist or 2d speed, oi 
F.P.M, medi 
power feed — S 

3d speed, or 60 F.P.M. 



Set inside 29" thread tool, Fig. 
412, cut recess for impro- 
vised gage ii' X IJ', '" 
See (A). 

Arrange lathe for fi threads 
with thread stop reversed. 
Rough thread to IJ' the di' 
ameter of gage A, (1), fif- 
teen cuta .006' each, five 
cuts .002" each. Depth of 
thread .100*. 



Forged 29* thread 
to(A, or holder and 
cutter, inside cali- 
pere, rule. 



dead center. Be sure that 
tap follows thread or it may 
ream out thread. Remove 
nut and tap to reaming 
stand or vise, and finish tap- 
ping, (g). 



Reaming stand, 
vise and grooi-ed 
wooden jaws. 



i' X 6, 20° thread 
tap and tap wrench. 
Lubricate tap freely 
with lard oil. 
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MULTIPLE THREADS. 



SCHEDULE OP OPERATIONS, MACHINES AND TOOLS. 

Conduded. 



H' X E, 29" thread 

nut Buuidrel. dog, 
round-Qose tool or 
holder and Cutl«r, 
calipers, rule. 



Reverse nut and square I 
length to remove recea 
(^), two or three outs. 



let or Sd speed, 01 
F.P.M. Medium 
power teed. 



Round-tiose tool, or 
holder and cutter 
and facing tool. 

Diamond-point tool 
or holder and cut- 
ter, 15" rake, cali- 
pers, rule. 



2d or 3d speed, 01 
F.P.M. 4th speed, 
or 178 F.P.M. 



holder and cutter, 
calipers, rule. 8* 
or 10* mill bastard 



Ist or 2d speed, or 3fl 
F.P.M. Medium 
power teed — 80 t< 



T IC mill bastard 



Attention. — In the abaenee of a tap the inside 29° thread tool may 
be used to finish the thread but the thread will not be as smooth or 
the fit of screw and nut as good. 

Note. — The nut in Fig. 415 is nurled for convenience in handling 
as a problem. For practical styles of mits to tntnsniit motion, see S626. 

MULTIPLE THREADS. 

622. Multiple-threaded screws, such as double and triple 

threads, etc., in Square, 29°, and other forms of threads, are 

used in cases where a quick lead is required, but a deep 

thread is not desirable. 
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336 PRINCIPLES OF MACHINE WORK. 

623. To cut double Square thread, Fig. 416, 8 threads to 
1", pitch i". 




Fio. 416. — Double Square Thheas Screw. 
SCHEDULE OF OPERATIONS. 



1. Gear tathe to cut 4 threads 
per inch. 

2. Drill hole A to terminate 
first groove. 

3. Cut groove 1 to diameter. 

4. If ratio of atud spindle 
and lathe spindle is 1 to 1, and 
atud gear has an even number 
of teeth, mark with chalk a tooth 
on stud gear and the correspond- 
ing apace in idler gear. Then 
mark a tooth on stud gear dia- \ 



metrically opposite, which is de- 
termined by counting half the 
teeth in the stud gear. 

Disengage idler gear from stud 
gear, rotate lathe spindle and 
bring gears into naeah as indi- 
cated by chalk marks on the 
teeth of the gears. 

5. Drill hole A' (not shown) 
opposite A to terminate second 
groove. 

6. Cut groove 2 to diameter. 



AUeidion. — To cut a triple thread, the lathe spindle is rotated one- 
third of a revolution to cut the second thread, and another third to cut 
the third thread. If gear on stud is not divi^ble by number of threads 
to be cut, select change gears that have a stud gear that is. 

Special face plates with multiple equidistant slots (index 
milled) are convenient for cutting multiple threads, as the tail 
of the dog can be more readily shifted than the gears after 
each thread is cut. 

624. Width and incllnatioa of tool for multiple threads. — 
The width or shape of tools for multiple threads is governed 
by pitch of the screw; and the inclination by the lead of the 
screw. 

626. Multiple-thread taps are similar to those for square 
and 29° thread nuts. See SI 608, 619. The Sharp V and 29° 
forms of this thread can be cut with dies. 
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ALINEMENT DRILLING AND TAPPING. 



ALINEHEHT DRILLING AND TAPPING. 

626. Fixed nuts, Fig. 417, which receive screws to trans- 
mit motion are made in various forms, as bushing nut A, 
which is threaded and forced into a bored hole and used to 




Fro. 417. — BtrBHiNQ and Bbackbt Nuts. 



receive vertical feed screw on a milling machine, or bracket nut 
B, used to receive cross-slide screw on a lathe, or bracket 
nut C, Fig. 418, for cross-slide screw on a milling machine. 

Bracket nuts are drilled and tapped in alinement with 
scraped slide and bearing of screw, and the work may be 
done with a regular jig, or with a part of the machine itself 
used a^ an improvised ]ig, as knee B, Elg. 418. 




Fro. 418. — Alinement Drilling and Tapping, Milling Machine 
Cross-Feed Screw Nut. Hole in Knee Used as a Jig. 

627. To drill and tap cross-feed screw nut in axial aline- 
ment in milling machine saddle and knee, Fig. 418. Impro- 
vised jig, igP or Square thread tap. 
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PRINCIPLES OP MACHINE WORK. 



SCHEDULE OF OPERATIONS. 



Place saddle A on knee B. Fit 
and bolt nut C to saddle and 
move' close to hole D. 

Clamp saddle and knee Xa angle 
plate at vertical drilling machine 
or to table of horizontal drilling 
machine and aline with spindle. 

In hole ly insert jig bushing E, 
and drill nut with tap drill F. 

Move saddle and nut away 



from hole D, and clamp saddle. 
Remove buying, insert tap G, 

and tap hole by hand. Three or 
four taps of increasing diameters 

AlterUion. — Taps without lead- 
ers are used, but taps with lead- 
ers, either threaded or plain, as 
at ff, are preferred for accuracy. 



ECCENTRIC TURNING. 

628. Eccentric tuming. — Besides ordinary straight and 
aper tuming, in which there is only a single axis and a single 

pair of centers, there is another class of tuming, known as 
eccentric or offset turning, in which there is more than one 
axis and consequently more than one pair of centers. 

629. Laying out and tuming an eccentric shaft, Fig. 419, 
which has a throw of three-eighths of an inch. 




Fig. 419. — Schedule Drawing 



SCHEDULE OF OPERATIONS. 



1. Center stock as at AA' 
Fig, 419. Rough and finish 
square ends In regular way. 
Rough tuni diameter. 

2. Lay out eccentric centers 
BB', distance at C, aa follows: 
Mount shaft on centers, clamp 
pointed tool in tool post and make 



short lines at each end in same 
plane as at (I) and (2) Fig. 420. 
Draw radial lines on each end aa 
at D with pointed tool or center 
square and scriber. Slant pointed 
tool to the left with point A' 
{halt the required throw of eccen- 
tric) from lathe center and draw 
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ECCENTRIC TURNING. 



SCHEDULE OF OPERATIONS. Concluded. 



lines at both ends intersect- 
ing radial lines as at E. Make 
center punch marks at these in- 
tersections, and drill and counter- 
sink in the regular way. 

Mount in lathe on these eccen- 
tric centers BB', Fig. 419, and 
measure throw with indicator or 
use paper between lathe tool 
and work. Scrape over counter- 
sinks to correct throw or to 



make throw uniform at both 
ends. 

Hougti turn and finish square 
reduced portions FF'. Change 
to regular centers AA', and 
finish large diameter. Reduce G 
iV* in diameter for clearance. 

Attention. — To save time in 
making a number of eccentric 
shafts, make a jig to drill and 
countersink ends. 



630. To turn engine eccentric, Fig. 421. 
ENGINE 




Fig. 421. — Turning an Engine Eccentric. 
SCHEDULE OF OPERATION'S. 



1, Make eccentric mandrel Fig. 
421 , of required throw by method, 
§629. 

2. Chuck, ream, and push ec- 
centric casting lightly onto man- 
drel. Mount in lathe and rap 



eccentric until it runs true. 
Take from lathe and press man- 
drel hard. On large eccentrics, 
set screws are used to fasten 
eccentric to mandrel. Do all 
facing o perations and turning of 
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PRINCIPLES OF MACHINE WORK. 



SCHEDULE OF OPERATIONS. Concluded. 



hubs on regular centers AA', and 


split stud with expanding screw. 


all eccentric diameters on eccen- 


tile whole being bolted to face 


tric centers BB'. 


plate of lathe in position to pve 


Attention. — When eccentric 


desired throw. Some prefer 


centers he outride shaft, eccentric 


this fixture to an eccentric man- 


may be turned on disk, carrying 


drel. 



631. Crankshaft turning. Fig. 422. — One of the most com- 
mon forms of eccentric turning is an engine crankshaft. 
Here the centers or axes lie outside of the shaft, so that fix- 
tures, arms or flanges, carrjdng the centers must be provided. 




Crankshafts are made with one or more cranks and may 
have solid eccentrics as well. Small crankshafts, in the 
rough, may be obtained drop-forged, of machine steel, cut 
from steel slabs or in steel castings. The larger sizes come 
partly machined after being forged under the steam hammer. 
632. To lay out two-throw $io° crankshaft center fix- 
tures, Fig. 423. 



■' 


V 


D^ 


P 




. 


'^fA 


b- 



Fia. 423. — L\TiNa Out a CBNTBft Fixture for a 
Two-Throw 90° Engine Crankshaft. 
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ECCENTRIC TURNING. 



SCHEDULE OF OPERATIONS. 



1. In two fixture eaatinga 
:huck and ream holea to next 
regular diameter larger than re- 
quired diameter of ends of crank- 

r shaft, mount on mandrel and 
, square arms and hub. Plane 

edges AB, at right angles and an 

equal distance from hole. 

2. Set pointed tool 31' from 
point of dead center and describe 
arcs CD. If fixtures are not 

i planed, points CD are obtained 
as follows: 

Center punch point on C, in 
middle casting on the arc. Set 
dividers 4.9517" the hypoth- 
enuse of right triangle whose 
base is 3i", uung the one-hun- 

f dredth graduation of the rule, and 
with C as center intersect arc 
>t D. Distance CD, may be i 
ibtained by the following rule: | 



Find the square root of th& sum 
of the squares of th e two thro ws. 

Example: VSi* + 3^' = 
4.9517, answsr. Lines EF, on 
each fixture are used to aline 
cranks with fixtures when sides 
of fixtures are not 90*. 

Attention. — If only one crank- 
shaft is te be turned, the fixture 
may be drilled and countersunk 
in casting. For a number of 
crankshafts, chuck large boles 
and drive in hardened and ground 
steel plugs carrying large center 

To make these holes in correct 
location, clamp fixtures to face 
plat« of lathe with marks C and D, 
in axis of rotation as tested with 
axis indicator (see Lathe Axis 
Indicator, 8279), then drill and 
bore to size. 



633. To aline center fizttireB and lay out cranks, Fig. 424. 



- Latino Out Two-Throw 90° Engine Crankshaft » 
Alinino Cranks with Center Fixtures. 



bv Google 



PRINCIPLES OF MACHINE WORK. 



SCHEDULE OF OPERATIONS. 



To adjust fixtures, center and 
square shaft in relation to crank 
webs. 

Turn AB to fit center fixtures 
CC. 

Mount fixtures and adjust 
centers of cranks D and E to 
aline with centers of fixtures by 
wedges F aud test with surface 



gage. Lay out crank web by 
lines and center punch at G, H, 
K, L, M, N, P, Q. 

Mount in lathe on one pair of 
crank centers and revolve; reg- 
ular centers are horizontally op- 
posite. Test top of turned ends 
with surface gage. 



634. To turn crankshaft, Fig. 425. 



SCHEDULE OF OPERATIONS. 



Rough turn blank. Mount up- 
on regular centers AA', Fig. 425. 
Rough square faces of webs 1, 2, 
3, 4, and rough turn shaft 5, 6, 
and 7. 

Change to crank centers BB'. 
Rough square and turn 8, 9, and 
10. 



Change to crank centers CC 
and rough square and turn 11, 12, 
13. 

Counterbalance crank fixtures 
by using weight D, or preferably 
by adjustable weights EE'. 

Use driver FF' with piece trf 
leather to reduce jar. 
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ECCENTRIC TURNING. 



SCHEDULE OF OPERATIONS. Concluded. 



Season crankshaft between 
roughing and Hnishing, if time 
will permit. 

Finish sgvare and titm in 

It is best to spot 7 and use 



steady rest for finialiing. For 
slender crankshafts use jack or 
braces as shown by dotted lines. 
Euroj)ean tool post G is preferred 
to a single tool post. Mill or 
plane edges of webs. 



Attention. — Crankshaft lathes are obtainable. Automobile and 
motorboat crankshafts may be rough turned, then ground, or ground 
direct from drop foi^ngs or steel eastings. See Advanced Machine 
Work. 
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CHAPTER XIX. 

TABLES AND OTHER DATA USED HT HACHIITE WORE. 

636. Electrical units. 

Volt. — The unit of electro-motive force, (E.M.F.) The 
force required to send one ampere of current through one 
ohm of r 



Ampere. — The unit of current. The current which will 
pass through one ohm resistance when impelled by one volt. 
A milli-ampere = one-thousandth of an ampere. 

Ohm. — The unit of resistance. The resistance offered to 
the passage of one ampere when impelled by one volt. The 
megohm - one million ohms. 

Watt. — The unit of power; 

One ampere X one volt = one watt. 
Amperes X volts = watts. 
(Amperes)' X ohms = watts, 
(Volts)' -r- ohms = watts. 
746 watts = 1 horse power. 
1000 watts = 1 kilo watt, 

approximately IJ hopse power. 

Coulomb, — The quantity of current which impelled by 
one volt would pass through one ohm in one second. 

Joule. — The unit of work. The work done by one watt 

in one second. 
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TABLES AND OTHER DATA. 



636. International and French Standard threads. 

H p ^ Diameter and pitch in Metric Measure, 

) = pitch, 
Formula 



depth = p X .64952. 
2. 



Fig. 426. 
637. International Standard thread. 
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. French Standard thread. 
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639. The American licensed automobile manufacturers' 
standard screws and nuts. 




Formula 



[ p = pitch. 

I d = depth = p X 64,952. 
/=flat = 2. 

Fig. 428.— United Statbs ' 

Standard Thread. For sizes of tap drOls, see §§ 537, 640. 

Diameter of screw = nominal diameter — .001". 

Thread = U, S. S. in form but with finer pitches. Taps and 
dies are marked U.S.F. 

Heads and nuts are semi-finished but smaller than U. S. S. 

Screws soft. Plain nuts soft. Castle nuts case-hardened - 
Nuts should be a good fit on screw — without perceptible shake. 

The tap is from .002" to .003" larger than standard at the top 
of thread to give the screw clearance in the nut. Material 
for aerews and nuts, machine steel ; tensile strength, 100,000 lbs. 
per square inch; elastic limit, 60,000 lbs. per square inch. 

Threaded portions of screw should be one and one-half times 
the body diameter. 

Attention. —The eastle nut is used where a positive lock- 
ing system is desired. 
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Table of United States Staadard bolt beads and nuts. 
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642. Formulas of bolt heads and nuts. — While finished 
heads and nuts (U. S. S.) are often made Vff" smaller than 
the rough, it is best to make both the same size and to use 
the some wrench. 

The short diameter or width across flate = J X (diameter 
of bolt) + Y- 

The long diameter or distance across corners of square 
head or nut = short diameter X 1-414. 

The long diameter of hexagonal head or nut = short diam- 
eter X 1-155. 

Thickness of nut = diameter of bolt. 

Thickness of head - J short diameter of head. 

643. Weights of castings from wooden patterns. 
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■ i-ii 


181 
15 


14 


23 


16i 



644. Estimating weight of 
cored caslings. 



646. Shrinkage of caslings. 



Metal. 


Le- 




































Zino 


26 1 



Metal. 


In. 

Foot. 




i 








BroDze or gun metal 











646. Shrink rules, that is special rules with graduations 
wider than standard measurement, are used for measuring 
when making patterns so that the pattern will be large enough 
to allow for contraction of casting in cooling and produce 
the proper size casting. These rules are obtainable with 
different allowances of shrinkage for different metals, as 
A". iV". A", tfa", i", A", and i" per *oot. 
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647. Consecutive and comparative tables of different drill 
sizes. 

Enolib^, Mbtbic, Numbeb, Letter. 






.078125 . 

,0786 

.07874 






.098425 
.0995 
.1015 
.102362 



.1378 
.1406 
.140626 

.14173 
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Consecutive and comparative tables of difEerent drill sizes. 

Continiied. 

Enqlihh, Methic, Number, Letteb. 









Deci- 
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ConsecutiTe and comparative tables of different drill 
sizes. Continued. 

Enolish, Metric, Nuubbb, LRtmR. 
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Consecutive and comparative tables of different drill sizes. 

Concluded. 
English, Metric, Nvubgb, Lettbb. 
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648. Morse tapere with diagram and table of proportional 
parts. 

For holes in drilling machine spindlea, lathe spindles, shanl<3 
of drills, sockets, end mills, etc. 



FiQ. 429. — DiAQRAU OF Morse Tapebs. 
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356 PRINCIPLES OF MACHINE WORK. 

660. Brown & Sbarpe tapers witti diagram and table of 
proportional parts. 

For holea in milling machine spindles, collets, and shanks 
of arbors, end mills, etc. 



TAPER ^ IN. TO I FOOT EXCEPT NO. 10 WHICH IS .8161 PER FOOT 

Fio. 430. — DuQR&M OF Brown & Sharpb Tapers. 
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661. Table of Brown & Sharpe tapers. 
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JAANO TAPERS. 
662. The Jamo taper system b .060(y per foot (1 in 20) 
for all numbers, and the number of the taper determines 
all the other dimensions, as all parts are functions of the 
number. For example. No. 4 taper is ^" at small end, 
I* at large end, and f" (or 2") in length. 



Fig. 431.— Jabno Taper in Grindino-Machinb Spindle. 
As there is tV" in diameter between consecutive numbers 
at small end and i" at large end, the number of a taper can 
be readily found by rough measurement with rule, or rule 
and calipers. Some prominent lathe grinding machine manu- 
facturers have adopted the Jarno taper for holes in spindles, 
and othera retain the Jarno taper per foot but modify the 
other specifications by changing the diameters or lengths to 
suit special conditions. 
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653. Table of Jarno tapers. 

Taper per foot^ .6 inch. Taper per inch = .050 inch. 
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Diameter of small end - ""^ "^^'P'' . 
Diameter of large end - ""- "'^'"P"' . 
Length of taper- ''°-°'*'P" . 
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656. Table of decimal equivalents of American Screw Com- 
pany's machine and wood screws. 
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657. Table of standard mandrel dimensions. Fig. 434. 
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Table of standard mandrel dimensions. CoTwluded. 
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668. Number of revolutions required to obtain surface 
speeds of from 20 feet to 100 feet per minute. 

DiAuETBia niQU J Inch to 24 Inches. 
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367 



Number of revolutions required to obtain surface speeds of 
from 20 feet to loo feet per minute. Cojuivded. 

DiAMETEES IROM j IncH TO 24 InckeS. 
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305 
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344 
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401 


420 
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468 
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289 
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23 


12 


13 


14 


15 


15 


16 


17 


18 


19 


19 


20 


24 


^' 


12 


13 


14 


15 


16 


16 


17 


IS 


19 


19 



Attention. — To calculate any cutting speed, i 
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669. A comparative table of different wire gage Bizes i 
general use in the United States. 

In Dbciual Pahtj op an Inch. 



si 


III 

|(BCO 


ill 


Is 


1 

JO 


1 

la 


V 


u 




000000 . 








464 






46876 


000000 


00000 . 








432 


45 




4375 


00000 


0000 


46"" 


,454 


3938 


400 






40635 


0000 


000 


40964 


.426 


3625 


372 


36 




376 


000 


00 


3648 


.38 


3310 


348 


33 




34375 


00 





32486 


.34 


3065 


324 


305 




3136 





1 






2830 


300 


285 


,227 


2SI25 


1 


2 


36763 


.284 


2625 


276 


266 


,319 


265625 


2 


3 


22942 


.259 


3437 


252 


245 


.213 


25 


3 


4 


20431 


.238 


2253 


232 


225 


.207 


234375 


4 


6 


18194 


.22 


2070 


212 


205 


.201 


21875 


5 


B 


16202 


,203 


1920 


192 


19 


.201 


203125 


fl 


7 


14428 


.18 


1770 


179 


175 


,199 


1875 




8 


12849 


.165 


1620 


160 


16 


.197 


171875 


8 


9 


11443 


.148 


1483 


144 


145 


.194 


16626 


9 


10 


10189 


.134 


1350 


128 


13 


.191 


140626 


10 




090742 


.12 


1205 


116 


1175 


.188 


125 


11 


12 


080808 


.109 


1055 


104 


106 


.185 


109375 


12 


13 


071961 


.095 


0916 


092 


0925 


.182 


09376 


13 


14 


064084 


.083 


0800 


080 


08 


.180 


078125 


14 




057068 


,072 


0720 


072 


07 


.178 


0703125 


15 


16 


05082 


.065 


0626 


064 


061 


,175 


0626 


16 


17 


045257 


.058 


0540 


066 


0526 


.173 


05625 


17 


IS 


040303 


,049 


0475 


048 


04S 


.168 




IS 


IB 


03589 


,042 


0410 


O40 


04 


.164 


04375 


19 


a) 


031961 


.035 


0348 


036 


035 


.161 


0375 


20 


21 


028462 


,032 


03175 


032 


031 


.167 


034375 


21 


22 


025347 


.028 


0286 


028 


028 


.155 


03126 


23 


23 


022571 


.025 




024 


025 


.163 


038135 


23 


24 


0201 


.022 


0230 


022 


0225 


.161 


025 


24 




0179 


.02 


0204 


020 


02 


.148 


021875 


26 


26 


01594 


.018 


0181 


018 


018 


.146 


01875 


2« 


27 


014195 


.016 1 


0173 


0164 


017 


.143 


0171875 


27 


28 


012641 


.014 1 


0162 


0149 


016 


.139 


015625 


28 


29 


011257 


.013 


0150 


0136 


015 


.134 


014062S 


20 


30 


010025 


.012 


0140 


0124 


014 


.127 


0126 


30 




008928 


.01 


0132 


0116 


013 


.120 


0109375 


31 


32 


00795 


.009 


0128 


0108 


012 


.115 


01015625 


32 


33 


00708 




0118 


0100 


Oil 


.112 


009376 


33 


34 


006304 


,007 


0104 


0092 






00869375 


3* 


3S 


00S614 


.006 


0095 


0084 


0095 


.108 


0078J26 


35 


36 


005 


.004 


0090 


0078 


009 


.106 


00703125 


36 


37 


004453 








0086 
008 


.103 
.101 


006640625 
00626 


37 
38 


38 


003965 






0060 


39 


003531 
003144 






0052 
0048 


0076 

007 








40 






!097 '. 




40 
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660. Table of decimal equivalents of Stubs' steel wire gage. 
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Let^p L. 


-rTER.-i 


No OF S 


^l!^E^ 


No.oP^' 
Wire "" 


IIkZ 


No OF ^' 


hpehI 


De 


Z.u>. 


Gaoe. p^ 


rl^L.. 


G— DE 


z.^. 


GA«., p^ 


^Lx.. 


Z 


413 


J 


227 


28 


139 


55 


060 


Y . 


404 


2 


219 


29 


134 


56 


046 


X 


397 




212 


30 


127 


57 


042 








207 


31 




68 


041 




377 


5 


204 


32 


115 


59 


040 


U 


368 


6 


201 


33 


112 


60 


039 


T 






199 


34 




61 


038 


8 


348 


8 


197 


35 


108 


62 


037 


R 






194 


36 


106 


63 


036 


Q 








37 




64 


035 


P 










101 


65 


033 


O 


316 


12 


185 


39 


099 


06 


032 


N 








40 


097 


67 


031 


M 


2S6 


14 


180 


41 


095 


68 


030 


L 


290 


15 


178 


42 


092 


69 


029 


K 


281 




175 


43 




70 


027 


J 


277 


17 


172 


44 


085 


71 


026 


I 


272 


18 


168 


45 


081 


72 


024 


H 


266 


10 


184 


46 


079 


73 


023 


G 


261 


20 


161 


47 


077 


74 


022 


F 


257 


21 


157 


48 


075 


75 


020 


E 


260 


22 


166 


49 


072 


76 


018 


D 


248 


23 


153 


50 


069 


77 


016 


C 


242 


24 


151 


51 


066 


78 


016 


B 


238 


26 


148 


62 


063 


79 


014 


A 


234 


25 
27 


146 
143 


53 


068 
055 


80 


013 











by Google 



PRINCIPLES OF MACHINE WORK. 



661. Table of different steel music wire gage in decimals 
of an inch. 

AMERICAN STEEL A WIRE CO. 



.^ 


s=gS 


il 




A 


a 


s 














1 


1 
I 






ll 

E g 
S3: 


^ 


.4015 


^ 


i 


H 


s. 


* 


^ 




CO 


.004 ., 
















.430 


















](»06 
007 


007 
0075 . 




007 










0075 




007 


2.0 


.331 


.008 


0085 


008 ' 


008 


0087 




008 


1.0 


3065 


.009 




009 


009 


0093 








.283 


,010 


010 


010 


010 


0098 




010 


2 


.2625 




Oil 


on 


Oil 


0106 


0105' ' 


Oil 


3 


.2437 


.012 


012 


012 


012 


0014 




012 




.225 


013 


013 


013 


013 


0122 


0125 


013 


5 


.207 


014 


014 


014 


014 


0138 


0145 


014 


C 


.192 


016 


016 


016 


010 


0157 


015 




7 


.177 


018 


018 


018 


01 S 


0177 


0175 


018 


8 


.162 






020 


020 


0197 


019 


020 


9 


.1483 


022 


022 


022 


022 


0216 




022 


10 


.135 


024 


024 


024 




0236 


0245 




11 


.1205 




(126 


026 


026 


026 


027 


026 


12 


.1055 


029 




029 




0283 


0285 


029 


13 


.0915 


031 


030 


031 


031 


03a3 


ai05 




11 


.080 


m3 


0'i2 


033 


033 




032 


033 


15 


.072 


035 








0342 


035 


035 


16 


.0625 


03- 


036 


037 


03- 


0362 




037 




.054 


030 


03S 




039 




038 




18 


.0475 


041 






041 


0400 


040 


041 


19 


.041 


04'5 


042 


043 


043 




042 


043 


20 


.0348 


045 


044 


045 


045 


044 


043 


045 


21 


.03175 






047 


047 


046 


0445 


047 


22 


.0286 


.049 


048 


049 


049 


048 


047 


052 


23 


.0258 


.051 


051 


051 


051 


051 


049 


055 


24 


.023 


.055 


055 




055 


055 


053 


059 


25 


.0204 


,050 


059 


059 


059 




056 


061 




.0181 


.063 


063 


083 


063 


063 


0605 


065 


27 


.0173 


.067 


007 


067 


067 


067 


064 


070 


2S 


.0162 


.071 


071 


071 




071 


0686 


072 


2J> 


.015 


.075 


074 


075 


075 






077 


30 


.014 


.OSO 




080 


080 


078 


075 


083 










085 . 




082 










.000 


086 


090 . 




0S6 






33 


!*_■ 


.095 


090 


095 . 
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TABLES AND OTHER DATA. 



662. Table of decimal equivalents of United States Standard 
sheet and plate steel and iron gage sizes. 





Approximate ^ 


Decimai. 


Weioht per 


Weight pbb 




Thickness IN ^ 


SauAHB Foot 


Square Foot 


Gaoe. 


Fractions of „ 
AN Inch. ^^ 








Inch, 




AVOIBDDPOJS. 


0000000 


1-2 


6 


320 


20.00 


000000 


15-32 


46875 


300 


18 


75 


00000 


7-16 


4375 


280 


17 


50 


0000 


13-32 


40625 


260 


16 


25 


000 


3-8 


375 


240 


15 


00 


00 


11-32 


34375 


220 


13 


75 





6-16 


3125 


200 


12 


50 




9-32 


28125 


180 


11 


25 




17-64 


265625 


170 


10 


625 




1-4 


25 


160 


10 


00 




15-64 


234376 


150 


9 


375 




7-32 


21875 


140 


8 


76 




13-64 


203125 


130 


8 


125 




3-16 


1875 






5 




11-64 


171875 


110 


6 


876 




5-32 


15625 


100 


6 


25 




9-64 


140625 




5 


625 




1-8 


125 




5 


00 




7-64 


109375 


70 




375 




3-32 


09375 






75 




5-64 


078125 


50 




126 




9-128 


0703125 


45 


2 


8125 




1-16 


0625 


40 


2 


5 




9-160 


05625 


36 


,2 


25 




1 20 


05 


32 


2 






7-160 


04375 


28 




76 




3-80 


0375 


24 




50 




11-320 


034375 


22 


1 


375 


22 


1-32 


03125 


20 




25 




9-320 


028125 


18 




25 


24 


1^0 


025 


16 


1 




25 


7-320 


021875 


14 




875 


26 


3-160 


01S75 






75 


27 


11-640 


0171875 






6875 


28 


1-64 


015625 


10 




625 


29 


9-640 


0140625 


9 




5625 


30 


1-80 


0125 


8 




5 


31 


7-640 


0109375 


7 




4375 


32 


13-1280 


01015625 


6 1-2 




40625. 


33 


3-320 


009375 


6 




375 


34 


11-1280 


00859375 


5 1-2 




34376 


35 




0078126 


5 




3125 


36 


9-1280 


00703125 


4 1-2 




28125 


37 


17-2560 


006640625 


4 1-4 




265625 


38 


1-160 


00625 


4 




25 
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372 PRINCIPLES OF MACHINE WORK. 

663. Uses of difierent wire and plate gage dzes. — The 

American or Brown & Sharpe gage is used for copper and elec- 
tric wire; Birmingham or Stubs' iron wire gage, for machine 
steel and iron wire, also for sheet steel, iron, copper, brass, and 
seamless tubing; American Steel & Wire Company's gage, for 
steel wire; Imperial wire gage, for fore'gn work; Trenton Iron 
Company's gage, for their own work; Stubs' steel wire gage, 
for tool steel and drill rods; music (piano) wire (a tempered 
steel wire), in machine construction for coil and other springs. 
The new gage sizes run in even thousandths so that a microm- 
eter may be used easily. 

United States Standard plate gage is used for steel plate. 



bv Google 



Ab,™ ';r. 

AccurBt* drilling 212-24Y 

hand tapping , 274. 27S 

Accursle drilling, iiupsction circle (or 241 
Acme standard or Twenty-nine degree 
ttresd 32S-33I 

aja. ..'.'.'.'.'.'.'.'. '.'.'.'.'.'.iJi'. zn 

Alinement drilling and tapping..., 337, 338 

of deaS center 18. 19 

Alining crankahaft center fiitura 341,342 

Aluminium, to niBchlne 137 

Alundiun griBding wheels 198-202 

Allowances [or dnving fits 70 

forcing file 71 

grinding 207 

reamed, ground, and 
borpd holes 7S, 78 

running fits.*.' !!!!!!! «9 
shriokiDE fits 75 

A. L. A. M, sttu^nf screwa' Ctuil^j 
• and nuts .348, 347 

'ac''rewlL "^"'^ '. "97, 'Sflg, 363 

A. S. M. E. standard machine 

screws 296-267 

Ampere 344 

Angle iron or angle plat«. boring with 133 
drilling with 

2B0, 251 

Anglea, cutting 27. 23 

pron, Ulhe S-7 

Approximate drilling 243 

tapping 272-274 

Arbor block 14S 

or mandrel prcsa 74. 148. 149 

Arbors or mandrels .,,,..,...,,.. 148-154 
Attachment, aulomaljc tapping . . . 286, 267 

taper 84, 85 

Attachments [or lathes, 

S, 17,84,65, 1112,11)4 

Automatic dies 280 

drill chuck and collet. . . 182. 253 

drift 233 

■iaing grinder 218, 218 

Upa. 271 

Automobila bolts. See Automobile 

screws and nuU.28S. 348, 347 

B 

Babbitt, machining 187 

Back gears, lathe 2-5 

Backraah 114 



Becking plain with a tap, to finish 

Bearings, lubricating ot oiling 13 

treatment of roughed-up . . 11 

Baits, putting on and pushing off 13. 11 

Binding post, schedule of operations 
formating 183-187 

^'SS^^^."'.^',".'^, .™.™. ^8. 372 

Blocks, V 251 

Body drillB 238 

Body drills. A. S. M. E. standard and 

298, 297 

Bolt and nut making 121-125 

Bolt heads and nuta, tabic and formu- 
las for 303, 343, 319 

Bolt and nut. schedule of operations 
for making finished... 124. 12S 

124. 128, 283, 348, 349 

rou^h 183, 348.319 

serm-finished. 

124.125,233,231,348-319 
tabla of United Stales 

standard 318 

Bolts, classes ot 282. SHI 

drilling for 218, 1«0~2«9. 300 

■ eipanawii 285.290 

finished 111. 125, 183 

t^a!^m'.','.'.'.'.'.'.'.'.'.','.'.'.'.'.'.'.'. 185 

heiBgonal-head 282. 283 

improvised 233, 181 

length of thread on 282 

machine screw 291 

measuring 281 

planer-head 183, 281 

square^tead 248. 283 

stud 283, 287, 281. 284 

uses' oi.'.'.' .'.■.'.'.'.■.'.'.'.■.'.'.*.'.' .'24s, 281 
Bolt« and screws, spot faoiog for Eieads 
of _. 300 

justbig tool to '.... 308 

Boring in the engine lathe 300-310 

in the speed ladie 178 

tool holders and cutters 95, 310 

with angle iron or angle plate, 133 
Boring, squaring to shoulders in. 303. 310 

Boring tool, grinding 43 

Boring tools 29, 95, 303-310 

Boring loola, setting 309 

uigiiizKhv Google 



Btajlgsfoidrming," .^iit. and tap- '''!'" 
Bras tuiiini io' ae lathi: '.'.'.'. 82-8 
Braj>biiiding'post,maii'iiii['.".!'.!'.', gJ- 8 


Cap acrewa, fiUialer-head 288, 289. 300 


grinding twist drill for 3 

rough hand tumini 174- 7 

round-nose tool for 182, 8 


round-head 288, 3O0 


^m"'""'"'' Ufttt 










Broach reamers.. 144, 4 

Bronze, grinding phosphor 2 


^"''''^assS'.i'"'''.%"^ 






















C 


la™e aquare-nose tool for 


Calculating compound gearing for 


squaring 31 






or Elc square or hexa- 


small square-nose tool tot 
finislT turning 37 






stoi-k for tapers 81, 82 

einple gearing for 

threading 110. Ill 

speeds and feeds for 

drills 237-241 

speeds and feeds tor lathe 


''-«"»■""""■■■■'"•■*■"•■"*,„ 


estimating weight of cored . - 49 
Castings from wooden patterns, 

weightof 349 

Cathead 192. 1»3 

Catching the thread in screw cutting. 116 
Celluloid grinding wheels ilBS. 200 

'^""*'tXmiatheworkV.::::::::i^JS 


squares 18,07 


Calipers, adjustiog Mol to bore lo eet- 

tingofinaide 308 

adjusting tool to turn (o 
.setting of outside 48 




'"-'■ l-l* 




SS?Miwi,™i»„;:S!!! 


El.,w„v.;..;.;.-.;.-.':.S'M! 


measuring with inside .... SOS. 300 - 








°-""S!;,2.r:;j,5'*»:::;.«.!! 


—*■"'"':=■■;.■.«! 


Center for pipe turning, revolving 
















Centering work, hand method of .... 23, 2* 






vernier 05-07 

Calipers to another, to trantfer set' 


grinding machine. 

1S5-197, 204-200 






countersunk-head 288, 300 

drilling for 248, 21», 
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Centers in aLmemeDt, selling i 

Chamfering nut and bolt 

ini^DS^d re^'^Sd 

ChanBeaears i. 3, 110-t 

Chan offorgfld lathe tools 

grindinc wbe«l9 ...'.. 
Cluirts oC latta holders and outt 
ChBBera^ baud. 



Cbattenng Ot tooli . 



173, 174 

CbeokDUU ..281, iSS 

Chuck jaiTB 12B 

ehucking 13t-ias 

a puiity ...'.'.'.'.'.'.'.'.'.'.'.'.'. latj 

in speed lathe 170, 171 

with drill holder and steady 

with twist'dniis.'.'.'lis.'iTO, I7l 

Chuckiuc, centering tool tor 136 

Chucking drills, Bat iaS-13H 

rewnensflat 137 

flut«d 143, 144 

Chuoking with • flat drill aod ehuck- 

dule of operations for 137. 138 

Cbucke 128-131. 232, 2 B4, 2t& 

ghucks, care or 13U. 131 



Bpedal in 

■pring 130. 281,285 

CaE^ng backiDK plated of 3i:!-314 



lathe tools .27, 2S 



unchedni 



ibiDation chucks, u> true and hoid 



..III, 118 
.... 17» 
..388. 373 



Copper, machining ............... IS? 

polishing 182, 183 

Cored ooitioea, cAtim veightof- 348 

Conindum gnadiog wL 188-202 

Cott«r, spring 280, 348, 347 

Coulomb 341 

Countetbore with inserted cutter 302 

Counterbore, forged 288, 300 

Counterboiing a cap 301 

Counterbored holes 300 

Countecbores 288. 301, 302 

Counterbores, separate bodies and 

guide buahiDgs for 301 

CouDtenhalt, engine-lathe 2-4 

apeed-lathe 11, 1% 

CounMniok for screw heads 302, 303 

Cauntersinka 22-2S, 302,303 

Countenook holes, 

1»-S1. 24, 28, 300, 302, 303 

ComKerweights on face plates 133, 842 

Counting threads 104. lOS, 113 

Crank, laying out holes in engine. .132, 133 

Crankshaft turning 340-343 

Cr ankshaf t center fiilures, achedulp 
of operations for laying out two- 
throw 80 340, 341 

Crankshafteenterfiilursj.alining 311.342 

Cross feed otlathe 5-7 

Crowning or tapering pulleys. 196. 187. 1S» 

Curve tumiug 180, 181 

CutmeUr. ., IS 

'roughing'.'.:;;:;:: ;::;:; ;:;;;; 2s 

Cutten lor tool holders .83-8fl, 08 

Cutting angles 27. 28 

double threads, , 335, 338 

square threads 338 

feeds for drill..., 237 

metal plate by drilling 253 

oa stock 87, 88 

oS wire la a universal hand 

lathe 177, 178 

screws 102-120. 124, 

129, 172-174, 279-281, 284, 2B5 

Cutting feeds, lathe 50 

Cutting speeds for high-speed steel 

Cutting speeds for band tooh 181 

lathe tools 47-60 

meaauriog .18, 48 

Cutting-oft tool holders and cut- 
lers 83-39,83 

Cutting-off tool, breaking a 93 

grinding 40, II 

improved h»Tid,.. 177, 178 
Cutiing-olf tools, lathe. . , 28, 81, 89. 97, 88 

Cutting tjoola, lathe 27-37, 87-98 

lubricants (or ...60-52 

rake, elearauce and cut- 

CyliAler heads, diining and tappitig 

CyliDdricargriiiding: '.'.'.',' '.',". . , .'. 189-22! 

D 

Dead center, alinement of 18, 1) 

^^ .lathe 1. I. IB, It 

fractions and, , , ,' SI 
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Deuth □' cuts far Eriodins 203 Drilling witb ftange jig. 

Diainewr to turn blank to mill or file nood 



for Bt«el nr wmuoht 
iron .... SB. flO. 91 

,mond-paint toole, erindinc 40. 13 

Ball 29,93 



1 . 2TS-2S1. 294, 295, 323-330 



DofH Io[ grinding work of one dianie- ' 

ter, eniT-drlvine 208, a 

Dogs or drivers, Uthe 

Double tbreeda 33B,,3 



dSTZSiT!-™ 

drifts or cent* 


S 


"•:,■» IK 


Drill, drawing the 




.-.,,...243 


v' 


DiOlBhuckuideo] 


et, au 


omatio. .252 


"11 


S|lS^„ 


: ;■,:■.■-■, 22?; !28 




Jtboriog dupliCBte 





work'iiiid'., __„._ 

piBle 2S0, 2S1 

work held by liand, or in 
vise, on drming ubie 230 



rough 



DnlUng^ 'ieni 
SQheduk of 



..,;sr'S 



250, 

MppioB. 



2-2S4, 208. 239 



Drilli'l^rbr^,.!* 



. . 2S8. 25S 

heaS^.'°f. .°f! . . .2*2" 288, 2BJ 

nut, alinement'!™.*. "^ 337, 33B 

Drilling brass or composition 232, 233 

iiBating9,.23l. 248-261, 280-289, 300 

cast iron 230 

deep holei 2SS, 260 

diametrically througb «h(ift. 

. 261-293. 268 
aanges _. 280-294 

for bolla.. ..' .'.'." .248. M»^2S9, 100 

243. 24*9, 280-260. 300 

Bst screws 168-180, 247 

fDrginga. 264-269 

Siid'eiiitiroii.*,' .'.*.*.'.'.*.'.',' 231. 232 
hole in end of abaft parallel 

to aiia in speed lathe 267 

Jigs 280-289 

machlna frames 213-361, 260 

on a BtaQtina Burfacs 264 

pattof ahole 254 

■teel or wrougbt iron 230, 231 



effect of bad grindmg of. . .225, 238 
flat ehueklnA- .--.-,.-..-. 136, 138 
hand method of grinding twiat, 

2257228, 228, 229 

highspeed stsel 225, 231, 232 

machine method of grinding 
tmit 227.228 



round-shank, flat 232 

speeds and feeds for 237-241 

straight and taper-shank twbl 230 
straight-groove,. . - - . 233 



Duplies 
Dup™eB 



. , 262. 253 

70 

20.31 
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Eccentric center fiituri 

Ecceatric. Ci^^' engi'r 

ElaatLe grtndtDg wheela. 

Electrically-driveii engioe Uthe .*.' . 

Emery cloth for polishiBfi. order 
applying.. 



...MO, all 
..333-313 
..33e, 340 
. .33S, 33(1 



wheels, . . 



. . S, 10 
of 

leo. ISl 






SBraver 186-1S7 

i:4,'l2il. 28S, 348, 349 









8, 9 



Engine lathe, haQdreamiDg in.,,. 142. 143 
pnver [esoiiDg in . , . 143-145 

tapping in ...312. 313 

EnaliB'iHtaudHrdCWhitworth) threads, 

102, ll». ItO 
,,147, 153 



m bolts , 



C.207, 2 



5, IW 






iog and fifins drive fli. B3. 100 

ahraking , ^' .' ,\ .' 73.' 75 



jsof .,.M. ?1. lSI-1 



..™i'::ii»..': 



Facing 


ior^s-u"7^ 


screw 


heade. 




han 

■uttine 
maehia 


S'StK. 

andpow 


"lisih 

''222- 






224, 14 




ingbardri 


Libbei 















lud and hal: 

Filing, speed for Uijie S», iO 

FiUeti of cast iron, scraping 1S4, 156 

Fillister-head cap screws 2SS, ZSO. 300 

FillistsT-head stud cap sorewe ISS 

Finish facim[ cast iron 1S3 

of work by 'grinding I ['.'.'.\'.'.'. 207 

iquB^B..'.'.*,■,'.'^'.' .*.'.'.'.','.'.■,■,■ .'33, 34 



"S'.s, 



*° making cast-iron 

Flat chucking drills,. 

allister^esd cap sere 

Flat drills, round shank.. 

Flat-bead cap screws.... 

machine scrowi 

Fluted chucking reameiB. 

Follower rests 

FootstJick set-overs fa 
taiieia, table of 



threading with a ta^ , , 



lee Formulas (< 



t-iron.l!4, 155 
L,'.'.'.'.'2g8. 293 

■V.l.'.'.'.m aeo 

. . .2»3, WS. 300 

143, 144 

..193, 194 

■.■.".■.■.■.■.'..71-74 

72-74 

254-2B9 

20, 96. UO, Iftl 

303, 348, 343 
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Pago 
Formulas for IntemBtional and French 

standard threads 34fi 

metric threBda 31S 

Sharp V-threads IDS 

Ti>eDty-Dined*eiree' 

threHcIa nt 

United StaMs standard 

threads. lOfl, 107 

Wtaitworth (Enclish) 
stand&rd thre&ds. .110. 120 
Pour^roove twiat drills for drilling 

toredholM 2B0. ISl 

Fractional threads 111-117 

Framea. drillinc Duchine !43~Sltl, 200 

O 

Gage for Erindiaii and settiwi Twenty- 
nine degree thread tools 338-330 

sheet and plate steel and iron 371 

Gage, American .Screw Company's 

machlDe^creiF 2(IS 

center IS 

Sharp V-thread . , 15, lOB 

Square threading tool angle . . 317 

Cage eiies, decimal equivalents o( dif- 
ferent steel music wire J70 

Gage sties in geseial use, ditterenl 
wire...,. a«s 

end-m^^^iring rod [ '. '. ..*..' '.'.'. 78 

hole 77-79 

limit 78. 70 

nmnbered drill 231. 230 

reference disks 78 

standard cyliEkdricaJ-plug and 

ring 77 

standard and limit 77-79 

twist-drill 234-236 

wire 234-238 

Gear headatoek, engine-lathe 313.314 

Gears, change 2. 3. 110-11!. IlS-117 

Glass, drilling S2 

Graver 184-187 

Graver, finlah squaring with 180 

Gnish turning with 18S~IB7 

grinding 4! 

rough squaring with 196 

rough turning with I8S. 186 

Grinder, automatic siting !18, 21» 

universal lotJ 43. 44 

Grindinit boring tool 43 

culting-off tool! '.'.'.'.'.'.'.'.. ,40. 41 

diamond-point tool 40. 43 

Am 78, 20»-21S 

Braver 42 

high-speed steel cutler 42 

lallie centers 17 

S chine centers. 19i-lfl7. 204-208 
isphor-bronte taper blisb- 

ing 221 

round-oose hand tools 43 

rouad-aoae tools 37. 3M 

side tool 38. 30. 43. 44 

■lender abaft. 



Grinding straight a 



houlder. 



Page 

..2 IB, 220 
5,' 210-221 






.328-330 

list dnlLs lor brass 232 

nited States standard 
Sharp V ■ 
ith back 
Jlowanee 
:ylindrical 198-221 



ig tools. .41, 42 






of I 






of 



203 

while. 207. 20B 



apeeS^t work for 20: 

the finish of work by 20'i 

wet and dry 208-208 



Grinding drills, hand n 
Grinding forcing fits. 



Grinding machines, ct 



ptajn.. 



GriDding of dnlle, effect of good and 

bad 22G 2 

Grinding runnmg fits, schedule oC 

Grinding standard mandrel a hedule 

of oppraliona for 213-2 

Grinding tapera method of 2 

Grindini ' ' 



















etart of 
















































i.'Si.'Sd 


108 ISO 
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Griadinc nork ol one diunoMi, end- 
driving dog for 2(l!l. !0t 

Grcwved dead center for BqukrlnB. . , 33, 34 
Gufttds, wsler 207, 209, 210 

H 

Hall diamond-point tools 93 

Hamnier. lead 14B 

machlnlstB' .23, 24 

rawhide 148 

Hammers for finiehed work, Boft 148 

Haudchseen 173, 174 

eutting-oa IooIb 177, 178 

nurling IBS 

reejncra, 13»-U3 

reamioptand'.^iui! Hi 

machine Ill 

naming in viH 140 

tappioa.. 2e»-27B, 2«3. 2B4 

threadmg 279-231, 2«4. Hi 

tumlug 184-179 

machine handle. ,- . ■ IA7-170 

tools for bnue GniBbiDg 174-17S 

Hand taps. »t of 2fl9. !70 

turning, leoipleta for. 167. 108 

graver^' ■.'.■.■. 184-188 

round-no»e 188, 187 

Hand toola from old files, makiaa..l7S, 17fl 

Handles, machine 187-170 

Hanzer bolte 290 

Headless bolts 285 

aorews. See Set Screws. 
Height of lathe cutting tools. .27-37. 87-97 

Hexagonal head boit 282, 233 

cap screws. .237, 238, 300 

turn blank for milling or filing 303 

High-speed steel drills 225.231, 232 

lathe tools 28. 90.91. 93.91 
H|gh-epeed at«el drills, speeds for . . 239 
High-speed sl*cl lathe tools, cutting 

Hol^ and' eiitierai lathe, 

93-98.310-312, 318 

Hole gages 77-79 

Hole dismeten, table of limits of 79, 78 

Holes, allowances foe reamed, ground 

and bored 75. 79 

counterboied 300 

!9-'21, 24, 2S. 300. 302, 303 

depth of tapped 272. 273 

reamed, .139-145, 238, 237, 242-247 
table of allowances and lunits 

for standard..., 7S 

tapped, 

171, 172, 238, 237, 248-248, 

273-270, 20»-2B9 

Hollow shsftiQc, method of drilling' '. 269 

Hot cenUrs, burnt or M 

Hot pressed nuts 285 

Improvised bolts 283, 284 

lodepeudeat chucks 127 

Independent chucks, to (TUS and hold 



.. 3^4 



ima]1..308, 307 



standard or Sharp v....... 311 

tools. United SUIes standard or 
Sharp V 29, 95.310.311 

Inside taming or boring in the speed 
lathe , 178 

Inside Twenty-nine degree threading 
toohi 05, 329, 330 

Inside United States standard or 
Sharp V threading in the engine 
lathe 310-314 

Interchangeable machine parts 280 

International and French sMndqtd 







^™"-|:S:C^r^'l!,"r 












j;i;1gti>piig:-.-.:'-V.:/. 














^""iSJ 


plate (flange) 






Journals. 5es Bearings. 

K 

Kerosene for machining atui 





Lands of reamers 
Lard oil ""' 



..230, 231, 233 

280 290 
139 

SO II 
S-7 
2-D 

Si 55 

1 3 
1 2 a 10-18 

S-7 
20 

5 310-312 318 



t.:>oo^^k 



.maDdrale 

stops (or dupljeat 
tools for cast twoa 


Pane 
. 37-37 

-"-"5?.,-.. 


"■"'■ 


ew«,A.S. M. E. stand- 
ard and special 295, 297 

paay'a.,..ig7, 208, 383 




fillister-head 2BJ 



vith rapid chaCffc-cear m 



MaeblDiets' ban 
Machines, care < 
Mandrel block. 



. . 23, 24 
148 



Latbe toolfl, chart of 



cutting aojElee 



. . 2S. n 

'. '. 2l\ 28 



. . 71. MS. 1 
schedule or operationa for 

makloc sUndard 14»-1S2 

schedule at operations for 

grinding standard 213-2 IS 

soft hHoiDiers for drlvtiic. . . 148 
Mandifl dhnenaions, standard ... 3«4, 3«S 



hi^-speed steel, 

28, 90, 91. 93-9S 

rake of 27. 28 

Lathe work, aiia indicator for 133, 134 

center holes in ,19-28 

filing 60, SO 

Lathes, attachments 



Mandrel into ir 



s, lore 



cl o. '■'' 


, 84. BJ, 


.92, .94 
























cranksl 


:^<,,34. 

-132. .33 
, 24fl-2S0 






Material<Stoci).in8pectionBirimeas- 

thread cdlipera 104 


Laymr out h^» in en^m 


crank, 
M2-244 


Uad boles 

ol screw threads,... 


::Xi. 


. %iS, 2S4 
,104. 117 
8. 7. 103 


micrometer cali- 
pers 81-83 

outside calipers IS- 47 


















hi " ■ ■ 










Line tapping.' See Alinemi 

L,:r.Vi!p.«» 


sntdriii 


...78,79 










SJitidi.iiA'iJ 












i&s:..^;^^^^^^^^-! 






. . . 50-62 


M 












MacUne grinding 


Multiple-s^dle drilling machines 
















Muaic wire gage siies in decimals of 
an inch, tSS of different at«l.... 370 


Machine handle, schedule 


for "m 


.188-170 




N 








dies 

Machine acrem Hi.i 


294, 29S 

293.294 


SlS&e "":;:::::::::;;»;!! 
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NurUng mBCbine 18» 

NuHed heul screws. . 183-JSIt, 1S8, lit. 292 

Nut and bolt inaking I21-I2E 

maDdrelB 122 

taps 271 

Nut. filtine: Square thread scnw to. , Zli 
fittinc Twenty-nine degree thread 

wrew to S3!. 333 

fitting United Statet standud 
or ^arp V thread ecrew to. 114, liS 

maliiog Square thread 323-325 

Twenty-nine degree thread. . . 333-33S 
Nut in alinement, drilling and tap- 
ping a cross feed 337. 338 

NutB, BUtomobila standard screws 

and 288. SM, 317 

bushiDC 337 

caeHe. 286,348,3*7 

damp 123 

cold punched 285 

description of 285 

fiied 337 

hot praseed. ................ 285 

jock or check 289. 288 

planer It* 

threading, 

IO2-1I0. 173, 174. 183, 185, 

ISO, 26e~279, 202-281, 310. 33S 

thumb 292 

wing 292 

O 

Ohm 344 

Oil, kerosene 51 

latd,,..,. SO, SI 

Oil iSfl™or deepdriiling! '.'.'.'.'.'.'.'. 2ST-259 
Oiling bearings 13 

' °™' indS^;:;:: :;:::;;:!: n 

Order ofoperatione.' ' SseSciiediiie of 

Oval countereunk-bead cap screws. . 288. 300 

screws 203.300 

fillister-head cap seiews 2SS, 300 

bead machine screws. 2»3. 300 

P 

Pin.«plit 288. 340, 347 

Pins, dowel 2S9 

taper 144. 145 

Pl[« Up. threading. 119 

^e turning. reviAying dead center 

Im 147 

Pitch of threads 104 

Plain grinding machines 215-220 

Planernuts 261 

Planer bead bolle 283. 284 

Planiaher. turning brass with 179, 178 

Plalfliige 381. 282 

Plate and wiie gages, uses of different 372 
Plate steel and iron gage siies. United 

^olishing brass !.'.'... 182. 163 

caab-iron flange 180, 191 



Polishing copper 182. 1S3 

clamps 182 

Polishing, abrajives, aiieeds. and ma- 
order of applying emery 

Power reaming in engine lathe! '.'.'.113^115 

tapping 288, 287, 277 

threadrng. 280 

Pren fits. S« Forcing fits. 

Press, forcing 72. 74 

Pulley taps ',■.■.■.'.■.■.■.'.■... '271 

Pulley, chucking 137, 138 

acheduleof operations for mak- 
ing 158-180 

Pulleys, Iccatmg set screws for 158-180 

Upering or crowning 15S-15S 

Punch, center 23, 21 

R 

Rsdla] drilling machines 285-208 

Rake of Uthe tfwis 27, 28 ■ 

Rawhide hammer 148 

Rawhide, machining 187 

Reading inside micrometer Mlipers. 308-30S 
vernier calipers ...... Afi 

Reading micrometer calipers 81, 82 

Reamed hides. .139-145, 230.' 237. 212-217 

Reamer drills 237 

Reamers, adjustable 141. 142 

bmaeb 114, 145 

center 23. 24 

clearance of 139 

flat chucking 137 

fluted chucking 113, 141 

band ■,'.■.■.■.'.■.'. 13»- 143 

irregularly spaced teeth on 139 
laniof..; 139 

Reaming taper holeain a speed lathe 

by power 144. 145 

'finish '^'''.W '.'.'.' 139 

Reaminginengine lathe, hand. ..- -142, 143 

power. ...113-145 

Reaming in reaming stand, hand. . 141. 142 

Reaming in vertical drilling machine, 

hand 141 

Reference disks." '.'.'.'.'.'.'.'.'.'.. 78 

Rests, follower 193, 194 

steady 191-193 

Revolutions of lathe 48. 49 

Ripper, rough turning braes witb a. 174| 179 

Boiled threads 103 

Rotar>' jigs 2fl6 

Hough bolt* and nuts 283, 348. 349 

grinding.';!;!!!!!;!!;!!!!!! 207 

squaring _. 33 

uleel or wrought 
A, iron 87, 88 

/ wi'thsfd6'tooi,'33.'34,'87. 88 
tumifig,..., 28 

UigilizKhv Google 



Rougb turning 9t»] nt wrougfat Inm .1l8-90 

with graver 1<9, ISA 

Routbed-up bearingg, tnsUneat of. , 13 

Roughing cut 18 

RougbiOK tool, large.. SB, «0 

■mall ID, 8fl 

RouDd-baad cup Krew> 288, 300 

maohine screm 293. 300 

Rouod-noM tools 31.32, 36 

forbrua 1S2. 183 

baud tools ISS. ItT 

Round-noH tools, grinding 37, 38 

RubiHr or fiber. mscblDiug bud 187 

Rules, Bhrink 3tS 

standard steel IS. 3 OS 

Running fits 88. 89 

Running fila, acbedul« of operations 

lor tumiDE sad filing «S. 99 

Ruat on marines, to prevent 13 

Schedule of ojserations for centering, 

squaring and straight turning 37-39 

Schedule of operations for chucking 

er in an engine lathe 137, 138 

Schedule of operations for cutting 

double Square thread . , SSd 

Schedule of operations for drilling and 

{Suldle^B^'kiiee.''. ° . .'"?,?!' . . 337, 338 
Bchedule of operations for drilling. 

reamiog and tapiiiag 2<S, 2<7 

Schedule of operations for grinding 

forcing fits 212, 213 

Schedule of operations for grinding 

running fiU 210, 211 

Schedule of operations for grinding 

standard msodrel ^7213-211 

Schedule of operations for laying out 

and turning ecceutrio shaft. . . . . 338, 339 

two-tbrow 90' crankshaft center 

fixtures HO, 3<l 

Schedule of operations for making 
brass binding post 183-18T 

brass nurled thumb nuM ,1SS-1S7 

cast-iron flange IB4-1SS 

Schedule of operations for making 

Schedule of operations for making 
finished boll and nut ,124, 126 

machine bandle 188-170 

Schedule of operations for making 

puller ISS-UO 

Schedule of operations for making 

Squsre-tbresd nut 323-325 

Schedule of operatians for making 

Square-tbread sorew 320-322 

Schedule of operations for making 

standard mandrel M8-H2 

Schedule of operations for making 

Twenty-nine degree thread s«««l31-333 
Schedule of operatians for making 

Twenty-nine degree thread nut. 333-333 
Bchediile of operations for straight 

turning and fitting 8S. 88 



and filing d^ve fiU, Set ShaS 

blank.... 98.99. 100 

Schedule of operations for turning and 

filing runnmg fits 98, 99 

Schedule of operations for tunung and 

fitting a taper 82, 83 

Scbed^e of operations for turning 






States standard or Sharp V inside 
threading in the engine lathe. . ,311, : 
•hpdi.lB M nn.r»tiona for United 
' Sharp V threading 



S^edufe'E^'S^J'atioL 
two shaft blanks for 



Sorew bolts, maehini 



110-119, 121, 128 





operating lathe 

and nut for. 
settmg United 


10-320, 

328-330 

"tiani"' "* 




^:^ 


Sharp V 
United . 


ng, theory of 110, 111 

ing in an engine lathe, 
niied States standard or 


■ng tools, in«de United 
aSdardor Sharp V. 06,319.311 


gage 
crew hea 


countersinking 
s and bolts, spot 


'r- 29S 
r... 199-303 
or. 302, 303 

facing 



Screw threads, > 



310-338, 348-349 
104, lOS 
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counting.', ,'.'.104, lOS. 113 

fractional 114-117 

French standard 34G 

Intemation»l stnnd. 

atd 345 

multiple aili. Sit 

pitch of 104 

TlWht and left 103 

idled 103 

Sharp V. . lOi-iaS, 310-314 

Squarei 314-328 

Twenty-nine degree. J2S-331I 
United Stalea standard 
102, I0&-10», 
111-113, 124, 125 

uses of different 103 

Whitworth (English) 

standard... 102, 1]», 120 
Screw threads with an English lead 

288, 340, 347 
methods of thread- 
Screws, cap. ',','.'.','.'287, '288. 300 

eiamples of drill i'og'.'Munler- 
bonng. and counteremkmg 

for machine or cap 300 

fiUistei-head 288,280, 203, aoo 

Bat-head 2gS. 2»3, 20£, 300 

taeiogonal^ead 287, 288. 300 

lag 2B0, 200 

lead a.S.fl. 7. lOS 

machine. . . , 202. 203, 206-200. 383 

multiple-thread 339.330 

Durled-head,183-ISB, 138, ISO, 292 
ovalcounteiBunkhead. 288. 203.300 

iDund-bead .288, 203, 3O0 

set 281,292 

SharpVtbwad ..102-12S. 310-314 

Square-head 248, 288 

thread ,,,,314-323 

thumb 291 

Twenly-ntne degree thread, 325-335 
Un ited States standard thread, 
102, 106, 107.109.111-113, 

124. 125 

BOOd. 200,291 

Screws and stud bolts, drilling for. 

Seasoning of ground work 208 

Semi-dnjehed oolCH and nuts, 

124. 125, 283, 234. 34 g, 349 

Set-overs for turning Upers, table of 
footstocli ,,,3e0-3fl2 

Set screw chucks 232. 26S 

Set screws, cone-point !91, 202 

cup-point 201, 292 

drUling for , , 158-160, 247-250 
hanger pivot-point , , . , 201, 292 

heaSess 291, 292 

round-paint 201, 202 

Set screws tor pulleys, locating , , , 158-180 
Setting d^ad center in alinement, , . . 18, 19 

inside calipers, 300 

Square threading tool , . 310 



Setting 


; inside Twenty-nine degree 


330 






















.m. 






Twenty-nine degree thread 




. Uailed States standard 

Sh.n.,.,Sff.'.~'"".'"-' 


iog 


108 


grinding a slender 

turning a slender 192, 

Shaft blanks for grinding fits, sch 

Shaft blanks for tumiu and Gl 
fits, schedule of operaUons for t 


ed- ' 

ing 

tug 


194 
t, 00 


Shafting, rods and 'bolM, straiiditen 


2il 










Sheet and plate, steel and iron g 

siies. United States standard, . 

Sheet metal, grinding twist drill fo 

twist drills for 

Shoulders, squaring 34,121, 


age 

,'232. 
300. 


233 
























.^S!SaS!';'';-;"':'^| 


Slider 


8haft,grindmg 


,217, 


f*n 








Sliding fits, table of 




J" 


S; 














Soft ha 




:■*!! 


'rn 


Speed ii 


SsSfes-iii. 


Mt 


Bp«d.^ 


SS-,-""'"'-." 




367 






ork 


..12 




methods of ■holdin.w 


-25J 










Speeds. 


jf drilling machine's, 22 2-22 4,23 9- 2 4 1 


Speeds 


high-speed steel drills,. 




"0" 








»r„; 


lathe twlt^ cutting,.. 


...47-10 
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r beads at bolls Bod 
'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.Ai-il 
'.'.'.'.'.'.'. v. '.'.'.'.IM, 3itt.3i7 
in eo^ne JsUiV . V. '. 1 7^'l 81 
180 



, , 179, I 



Squaring et4 



,o fori 



la [or. 



29. 32-34, 87, e 



Square Ibread 
Square tbread sci 


screw. soheduEe of 


Square threading 


tcol.n«le_Ba«,.... 






Standard and IJ: 



Steady reele. . . 
Step method of 



toola in speed Jsthe . 



Steel or wroucht in 



""Tf,! 



:30, Sfl 



latbe toole 1 
rough iquarii 



179 Stack (u 



■e-head bolt ?*f ??? 

-e. calculating 'diameteTto 
ling lo rfi'oSler . . '°%i, 'v. 

ring, removing burr when, 
step method o 



Stralxht grind 

table for 

Straight turning 



E, Bchedide 

85, 

sand bolts 



ing 323-325 

■ ' ■ of 

3 20-3 S 



...29.S5, 315-3IB 

39, 95, 319.320 
rinding .... 40, 41 
314-325 



'-'"*'"^""'™.■«7 


.■*.s 


■i 


iriving large wi 














248, 249, 

eed attachment 

indicator 

lo obtait 


!8«. 287 

llini for. 

'.'".T^48.t9 

,™.!*'"'.3e«. 3S7 


T 
1 (ormulaa lor 


bolt hf 


lads 
348, 










llowancee and 


limits 


for 




"Mimobile Stan 


dard SOT 


".35fl; 




.rown & Sharp* 


itapem. 





. . 88, 87 

'". 77 
. , 77-79 



eteel wire...,. ....... 

driving fits, 

emimated weight of • 



ning ahaft supported 
,'87','88, 168 



grades of grinding wheels. 198. 



with hand 

.'.*.!3^370. 372 
IT drilling hard. 231. 232 

d,..,_ .48, 3DS 



limits of boft diameters . . 



quired to obtain aurfaee 
speed 388, 387 



alidi^ngXi''. 
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385 



of speede tor griniliiit wheelB . . 
and feeds tor carbon 

HiMidciUa aar- 

speeds and feeds for high- 
spindle speeds for be] thriven 
spiadLe speeds for speed 
spindle speeds for a high- 






I reads . 



United States standard bolts 

and nuts : 

United Slates standard Sharp 






warth (English) HtBnd- 
j. M. E. BlsiidHid and 



taps, and tap 



different drill sjses, con- 
tive." .^..a50-SS3 

(sie aiies of twiat drills. . 231-238 

"unmnefita 08.69 

abrinking fits 75 

e pmdmg wbeela 198. 200 


drill diameters (how obtaiwd) , . 278 




iulerrupted 'thread'. '. '. '. 
lo Bniab (bread backin 


■.':''3l2-3U 
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Taper fcrindint, settinf aniret tabia 

tor... 208 

Taper pin reaiilera.auWd. '.'.'.','.'.'. .114'. !*i 
Taper work, setting tool to thread. .. IIB 

Tapering or crowning pulleys 1S8-159 

TapersTSrown 4 Sharpe 3S8, 367 

ealculating dietance to set 
over tootatook for 81. B2 

K lading 213-215, 21B-221 
rno... 358, 3S0 

methods of grinding 208 

staudard and special SO 

table of (aotatock set-overs 

for turning 380-382 

use at pattenia to obtain 82 

Tapera are expressed, hon SO 

'Nu W2, 236, 237, 218-248, 

273-278, 2 86-2 M 

Tapped holes, deptb of 272, 273 

Tapping attachment 268, 287 

backing pistes of chucks. 3 1 2, 313 
by hand in vertical drilliog 

machine 274. 278 

for cap screws 247, 2« 

in engine lathe 312, 318 

in speed lathe 171, 172 

loose nute 272,27! 

with machine screw Up. . , . 294 

Tapping, accurate hand 274, 275 

alinement drilling and. . .337. 33S 

hand '.'. .'28^^279,' 2B3| 284 

jigBfor .,.,!B5, 27J 

power 266, 287,277 

Taps 269-279, 2B3. 284 

Taps, adjustable 271,313 

automaiic 271 

clearanceof 271 

landsof 270 

master 271 

machine-screw 293, 291 

multiple-threaded 336 

nut 271 

removing 'b'ro'k'm *.'.'.','.'.■.'.'.' 278, 277 

sharpenini 271 

aiaesof 289 

Square thread 320 

thrfsding pipe 119 

Twenty-nine degrca thread ... 330 
Taps and tap drill_ siies of American 

Taps and tap drill sites of A. S. M. E. 
standard machine screws 296, 297 

ttreada ....."..... 278, 279. 299 

^tes standard threada .". . 278, 279 

Templets 187, 168 

Ten-thousandth micrometer caliper. 67 

Testing angle of eentere IS 

aiial truth of center punch 
mnrka with indicator. . . 133, 134 

Thread calipers 104 

Thread, cutting Square 314-326 

cutting SharpV.. 110-117, 310-314 
cuttint United States stand- 
ard 11C^117, 310-114 
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Paga 

Thread, (age (or Shup V lOS 

lesaot 101, 117 

Twenly-Dine Afgtee 325-33S 

Thtesd case, gripdlng tools lo fit 
United StBUB sundard lOR 

Thread screw to nut. fitting Square . 32fi 

Bgree,^^ aaa 

Thread screw to nut, fittinii United 

States standard or Sharp v.... 114, 12S 
Thread to a shoulder, in an engine 

Threaded woW, diameter of . . 7o2, ' 104. 1 1 1 
root diameter ot. . 101, 104 
Threading, 103-130, 134, 13S, 173-174. 

:T»-381. 2M.2R5. 329~33t 
catching the ihread hi ... . IIS 
dies... 279-381. 2B4, 

110-119,124, 13G 

in speed tathe 172, 171 

nuts. 102-120,173, 174, 1S3. 
185, ISfl, 269-379. 202- 

294. 310, 33S 

taper work llfl 

tool gage tor gnnding and 

riee°(l read tool 339,330 

94', 9S. 318 
tools for United Stales 
standard or Sharp V 

thread 29,95, 107-100 

with machine screw dies. 294, 29S 
rapid change-gear mechan- 

Thresding, calculating compound 

geanngfor lit. lie 

esicutadng simple gea> 
ingfor 110. Ill 

description of mechanism 

hand!'.',V.','.'27fr-2S*l','294, 29S 
lathe tools for, 

95,107-109. 310-320, 128-330 
operating lathe for. ..112, 113 

power 280 

preparation of blank and 

nut for Ill 

setting United States 

standard or Sharp V 

toolfor 108 

Threading in the engine' lathe, inaide, ' 
United States atandaid ot Sharp V, 

310-314 

TKreading to a sHoulder. inside 314 

Threading tool, angleeage for Square 317 
Threading tools, 39. 94, OS, 107-109, 

310-320. 328-330 
Threading tools, inside Square 29,05,319,320 
inside United Slates 

V.°.*.,.°'9fi."?0. 311 

making Square 317 

multiple... 33* 

"siates'siandardot 

Sharp V 311 

setting inside Square 319 
setting inside Twen- 



20.05. 120, 128, 32S 



United States stand- 
ard or Shani V in- 
side screw. .99, 110. 311 
Whitwortb (English) 

standard 120 

Threads. 102- 129,200-200, 310-333,345-349 

per inch... 104, 108 

Threads, British Association standard, 102 
calculatitig compound gear- 
ing tor 115, ll« 

calculating gearing for given 

lead of 104, 117 

calculating gearing to cut 

fractional 114-117 

counting 104, 109. Ill 

double 139, 333 

fractional 114-117 

French standard 345 

International standard 349 

left.., 114. 314 

mullipie. 335, 33« 

pitch of 104 

right and left 103 

rolled, 103 

102-^125, 289-200, 310-318, 

345-340 

Sharp V. 102-125. 110-314 

Square 314^328 

Twenty-nine degree 120-33S 

United States slaodard, 
102,103, 109,111-113,134, 

125,310-314 

uses ol different 103 

Whitworth (English) stand- 
ard 102, 119, 120 

Threads with an English lead screw. 

Three-groove twist drills for driiling 

cored holes 250. 251 

Thumb nuts. 292 

Thumb nuts, schedule' of operattons 

Tool holders and cutters, cutti'ng'off 03-08, OS 
Tool holden and cutters, threading, 

04^08. 318 

Tool holders, boring 05, 110 

double 98 

Tool holders and cutteis 

93-08, OS. 310-312, 318 

TjoIs, boring 20. 05. 309-310 

chart of forged lathe 28. 20 

chattering of 01 

forming 29, 99, 190, 101 

half-diamond point 20, 03 

hand... 188, 1*7 

height ot lathe cutting . 37-37. 87-07 
bigh-apeod steel lathe. 

28, 90,91.93-05 

large roughing 29. 80. 90 

lathe 27-44, 87-98 
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friiitlea 1^ lathe cuti 
riaht and left, Istbe. . 



. 29. 91. 3I!-3I8 



. ee, SO. 91 
..!9. '87-98 



r for driilisg boilc 



a9!iwitliaplamBh«,,.,l75, 179 

Lxhing held in a chuck 128 

uikahstt 342-343 



rough 31 

Turning st«l or wrought iron, dia- 
muud-poiut too] for finish .90, 91 

Turning atfcl dt wrought iron, nnsll 
finishing tool for 90 

Turnuig with taper atlachment 84, Si 

TuHKntine for machining Bluminium 
orglasB 61, S2 

Twenty-nine degree tbriisd taps 330 

, Twentj-nioe degrcs thread nut, ache- 

dule of operations for making. . .333-33$ 

'^Yut KM^ontl^^'o™'! .°!'"!".'!"^ ass 
Twenty-nine degree thread BCtew. 

fng. .1 "I""."" 331-833 

Twenty-nine degree threading tool 

gage 329, 330 

Twenty-nine degree threading toola, 

20, OS, 320, 328. 329 
Twenty-nine degree tbreadinE tools, 

Twenty-iiine degree' threading' tools, 
grindmg .328-330 

tooK setting 330 

Twenty-nine degree threading tools, 

inrfde 20,96, 329,330 

Twenty-nine degree thieadn 326-336 

Twenty-niae degree threads, formulas 

Twist drill gases . 234-238 

grinder 227. !2S 

grinding gage 220 

Twist drills. 9! J-2J0 

lorbrasa. 232, 233 

230-233, 234-237,260,261 

■ hsrdstcel 231, 232 

steel and wrought iron. 

230-232, 234-237, 2ST-2S8 
thin sheet metal... 232, 233 
made by twisting ttom 

flat bar 231. 232 

Twist drills, chucking with 136. 171 

ejamples of good and 

bad grinding 226, 220 

gage aitesof 234-230. 3I0-3S3 
hand method of grinding. 

228, 229 
machine method of grind- 
ing 227, 22S 

reiular siiea of 234-237 

slrsight-shank 230 

taper-shank 230-232 

Twist drills for brass, grinding 233 

Twist drills (or thin sheet metal, 
grinding 232 

U 
United States standard threading 
_ tools, grinding il, 42, 109 

102, 108-109, 111-113, 124. r25, 310-314 
United Slates standnnl thrcnd eage, 109 

29.95,310,311 
United Stales standai^ or Sharp V 
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Water "or*cuttingtook« 
gnndtng 


Page 

.289. 2M, 2E0 
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.207,208,210 




Weifht of c^tinia from w 






ooden p8(- 
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Weight of core prints an 


.™™.'" 349 








niertalipers flS-ei 

principle 85 

»*iinB...... 9S.86 


Whitworth (English) standard' ih^^- 

lh^8,.^;.'.*./.Vl02,li». 120 
Wbitnonh thread screw, sectional 


(ica[ drUling machine, spindle speeds 


wS'SJ*'""" ■ ■ ■■ 
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234-236 

98, 372 


driven, 139-241 
ical drillLnn machines, hand and 
aiyer feed far 222-224,240,241 


Wire and pUW gages, u 


88.372 

..388-370,372 
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lEed (TindiDK wheels IDS, 199, 20 




Wood screws 




canile. machining IB 


or steel or. 

2». ar-ss 






read, formulas (or Sharp 10. 


Work, driving lathe 

Zero lij«» 






screw, sectional views of 


1 




18, 20 
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